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Completely equipped for 
AIR POLLUTION and HYGIENE SURVEYS 


—anywhere in the field! 


For public and private organizations concerned with 
atmospheric pollution problems, the M-S-A Mobile 
Laboratory offers every desired facility for the collec- 
tion and analysis of data ‘‘on location.’’ The body of 
the unit measures 144" x 74”, with 73” headroom. 
Built-in are a laboratory sink with fittings, fluorescent 


M-S-A Electrostatic Sampler 

Two (2) Midget impingers with a set of 9 all glass impinger 
tubes in a case 

Carbon Monoxide Tester 

NO? Detector 

M-S-A Sampicir 

Hand Operated CO Indicator 

Combustible Gas Indicator 

Benzol Indicator 

H2S Indicator 

Smoke Tube Aspirator and 8 cartons of Smoke Tubes 12/ctn. 


AIR POLLUTION AND INDUSTRIAL HYGIENE 


Mobile Laboratory 


lighting, equipment compartments, base cabinets ani 
drawers, propane tanks, fresh water tank, and o 
working essentials. Typical equipment is shown bel 
—special meteorological an a radiation instrume 
etc., can also be supplied. 

Your inquiries are invited. 


Bunsen Burner 

No. 2 Explosimeter 

16 Unit All Weather First Aid Kit 

Fire Extinguisher 

Two (2) Ecolite Lanterns and batteries 

Two (2) 50’ lengths #12 simplex tirex cable with fittings and 
adaptor for two Prong receptacde 

oes gas driven motor generator set, complete with starting 

ery 

Transformer, 220 V. input, 110 V. output, 2500 W. 

10 Galion Distilied Water Tank 

Set of Flares and Flags 


_ SAFETY APPLIANCES COM PAN 
THOMAS AND MEADE + PITTSBURGH 8, PA. 
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Rapid Quartz Analysis By X-Ray Spectrometry 


KINGSLEY KAY, M.A., PH.D., 
Chief, Industrial Health Laboratory, 
Department of National Health and Welfare, 
Ottawa, Canada 


N CANADA, where silicosis is the major 

occupational disease, it was found for 
many years that our capacity to diagnose 
and measure the severity of the quartz 
dust exposures was largely limited by the 
laboratory problem of estimating quartz in 
adequate numbers of field samples. Chemi- 
cal estimation was impossible on the quan- 
tity basis necessary for effective health 
supervision. Serious limitations existed in 
the petrographic method. 

The situation was greatly improved with 
the advent of the commercial x-ray powder 
cameras during the latter years of the war. 
In the post-war period, further speed be- 
came possible with the development of the 
x-ray Geiger counter spectrometer and dur- 
ing the last 18 months this laboratory has 
been able to extend without charge a quartz 
analytical service to responsible groups 
throughout Canada. This service has re- 
moved a heavy burden from hard-pressed 
Governmental agencies across the country 
and has been of special benefit to the small 
industries which are unable to afford their 
own laboratory services. It has extended 
the possibilities of reducing future silicosis 
and all that the disease implies in human 
suffering and economic cost. 

The x-ray Geiger counter spectrometer 
was developed by Friedman! in 1945. Pat- 
terned after the ionizing chamber instru- 
ment described by the Braggs in 1921, it 


Paper presented at AMERICAN CONFERENCE OF GOVERN- 
MENTAL INDUSTRIAL HYGIENISTS, Chicago, April 24, 1950. 


does away with time-consuming and vari- 
able photography and offers a high resolu- 
tion geometry which eliminates many of 
the superpositional frustrations met with in 
use of powder cameras. It offers vast pos- 
sibilities for quantitative analysis of crys- 
tallites. 

The application of the instrument to free 
silica analysis was first reported by Klug, 
Alexander and Kummer? at the 1947 meet- 
ing of the AMERICAN INDUSTRIAL HYGIENE 
ASSOCIATION. 

These authors employed a Norelco spec- 
trometer and studied instrument variation, 
sample preparation and reproducibility of 
results. A day-to-day compensable vari- 
ation in instrument response was observed. 
The advantage of intensity measurement 
by counter technique over recorder was 
noted. Preference for binder-free packed 
specimens was expressed. These observa- 
tions combined with a subsequent report? 
indicated that samples of <5y particle size 
and of more than 10% quartz content could 
be analyzed with an accuracy of + 5% 
for single counter determinations, though 
it was stressed that little saving in time 
could be effected over the powder camera 
technique. This paper describes new find- 
ings related to the use of the spectrometer 
as a rapid analytical service instrument; 
extended sample preparation techniques 
are discussed; analytical tractability of 
quartz over five micron size is demon- 
strated. 
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Fig. |. 
The Norelco Geiger Counter X-Ray Spectro- 
meter 


General Procedure 


‘THE NORELCO spectrometer employed in 

this laboratory is shown in Fig. 1. For 
the data reported, a copper target tube with 
mica window was used with a mica win- 
dow Geiger tube and nickel filter. Ma- 
terials for analysis were prepared with 
fluorite as internal standard according to 
the technique described by Clark and Rey- 
nolds,* one part fluorite to two parts by 
weight of sample being the proportionality. 
The ratio of the diffraction maxima for 
the 3.33 A spacing of quartz (26 = 26.67°) 
and 3.16 A spacing of fluorite (26 = 28.36°) 
is taken as the measure of quartz content 
of sample in accordance with the findings 
of Klug and co-workers® who found diffrac- 
tion maxima (I,/I;) more valid than dif- 
fraction areas. Ratios obtained on un- 
known samples are compared with a cali- 
bration curve based on I,/I,; values for 
known quartz mixtures with calcite as di- 
luent. 


Recorder Operation 

‘THE superior accuracy to be obtained with 
the spectrometer by employing the 

counting circuit is undisputed. This 

method, however, involves scanning the 

Geiger tube arm in what are generally 0.05° 
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movements in order to obtain the data to 
plot a curve of intensity versus diffraction 
angle. The procedure is time-consuming 
and does not offer possibilities for rapid 
analysis. 

The recording potentiometer with which 
the instrument is equipped permits rapid 
reproduction of a contour of diffraction in- 
tensity. It operates in conjunction with 
the goniometer arm which can be motor 
driven at 2° per minute. In the case of 
quartz analysis the area of interest lies 
between 24° and 30° (26). For this are 
production of a diffraction contour requires 
only three minutes, but, as shown by Klug 
and co-workers,?* the recorder is subject 
to considerable variation. Therefore, in 
this study, the extent of compromise which 
the recorder makes between accuracy and 
speed was explored to determine the se- 
curity of results in an analytical tech- 
nique based on recorder operation. 

Fig. 2 shows the recorder trace over the 
arc 24-30° (26) for a mixture of quartz 
calcite and fluorite. In this laboratory esti- 
mation of quartz responses as I,/I; involves 
completing the curves to base line (back- 


Fig. 2. 

Recorder trace for quartz-calcite-fluorite 
mixture covering goniometer angles 24° to 
30°. Sample cimtains 33-1/3% quartz in abso- 
lute terms, 50% on internal standard basis 
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ground radiation intensity) as shown by 
the dotted lines in Fig. 2. This method 
was adopted to compensate for the effect 
on maxima of partially superposing con- 
tours. The ratios so calculated have been 
found to be independent of scanning speed. 
It has been found that estimation of peak 
heights can be made within the range of 
variation which current slide preparation 
techniques and other variables enforce. 
That the method will be dependent upon 
goniometer adjustment will be clear from 
the work of Alexander® and Birks® who 
have independently shown that symmetry 
of contours is a function of instrument 
geometry. 

Instrument variation under recorder 
operation was investigated by studying the 
variability of the ratio I,/I, for mixtures 
of quartz, calcite, and fluorite. Fig. 2 
shows the trace for a mixture correspond- 
ing to a 50% quartz sample. Such a speci- 
men and others of different quartz con- 
tent were employed to establish the pattern 
of variation in instrument response. A 
marked point on each specimen permitted 
repositioning on the same sample area thus 
eliminating possible variations due to sur- 
face differences from area to area on the 
same specimen. 

Day-to-day variation was studied over a 
three-week period of observation. Single 
traces for identical specimens were found 
to vary as much as + 15%, but no con- 
sistent pattern of daily change could be 
delineated for this particular instrument. 

I,/I; values determined from twelve con- 
secutive traces recorded within the first, 
second, and fifth hour of operation on a 
single day were found to have the follow- 
ing variation 0.83 + 8%; 0.79+9%; and 
0.838 + 4%. Averages of 12 traces recorded 
in the seventh hour of one particular day 
and the first hour of the following day 
agreed as follows: 0.77 + 7% and 0.80 + 
12%. These examples reveal the consider- 
able variation between single consecutive 
traces on an identical specimen but do not 
point to hourly variations. They show, fur- 
thermore, that I,/I,; is largely immune to a 
drop in intensity of any given diffraction 
beam which has been found to occur con- 
sistently during the first 90 minutes of 
operation of the instrument each day. 

As no considerable day-to-day or hour- 
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TABLE I. 
RECORDER TRACE VARIATION 
AS PERCENTAGE OF 


7 Average of Consecutive Traces 


Total of Twelve 
Quarts iY ‘Singles Twos Threes Sixes 
3 0.07 = 15 = 16 
25 0.39 + 20 
50 0.80 = 10 +5 


to-hour variation in the value of I,/I; was 
discovered, an exploration was made of the 
variability within hourly periods. For this 
purpose sets of 12 consecutive traces were 
run on a series of specimens. As Table I 
shows this was carried out with four speci- 
mens covering concentrations 3%, 25°, 
50% and 75%. It is evident that the vari- 
ation between single traces is greater when 
quartz content is low for the reason that 
low deflection for the quartz spacing 3.33 
A is experienced by the recorder. However, 
the single trace variation decreases in im- 
portance when it is observed that averages 
of two, three and six traces display a 
markedly reduced variation. As the time 
taken to record a trace is but three min- 
utes in this method of quartz analysis, it 
is apparent that attainment of acceptable 
variability by multiplication becomes a 
practical possibility under recorder oper- 
ation. 

The ratio I,/I, has been found to defy 
various instrumental factors, electrical and 
geometric. It is, however, significantly sen- 
sitive to damping and amplitude adjust- 
ments as has been noted by McCreary. 
In this laboratory it has been found that 
when recorder deflection is low, as in the 
case of low quartz samples, ratios may be 
caused to vary by as much as 100% through 
damping and amplitude manipulation which 
will not appreciably affect I,/I; for a 50% 
specimen. Standard damping and ampli- 
tude conditions are required to eliminate 
this important instrumental variant beyond 
the control of the internal standard tech- 
nique. 


The Diffraction Specimen 

METHops OF SPECIMEN preparation are as 
yet scantily dealt with in the liter- 

ature of the X-ray spectrometer. The at- 
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TABLE II. 
SPECIMEN UNIFORMITY 
< 5 MICRON BINDER-FREE 
QUARTZ — CALCITE — FLUORITE 


I /I. at Specimen Position 
Qf 


Specimen Quartz (1) (2) (3) ” Average Plot 
B 213 6 0.25 0.21 0.20 0.22 
Resurfaced 
B 214 6 0.20 0.19 0.23 0.21 0.24 
B 215 6 0.36 0.28 0.20 0.28 0.24 
B 207 12 66.75 OST 0.76 0.71 0.74 
Resurfaced 
B 208 12 0.82 0.83 0.63 0.76 0.81 
B 209 50 1.99 1.73 1.69 1.80 1.73 
Resurfaced 
B 210 50 1.78 1.61 1.58 1.66 1.70 
B 211 75 2.26 2.44 2.31 2.34 2.32 
Resurfaced 
B 212 7% 221 248 2.29 2.33 
B 220 100 «2.84 2.68 3.27 2.93 
B 221 100 3.33: 2.80 2.80 2.96 2.94 
Resurfaced 
B 223 100 2.60 3.20 3.02 2.94 2.90 


tainment of flat specimen surfaces posses- 
sing the uniformity necessary for quanti- 
tation tends to be a special problem with 
particular crystallites and related mix- 
tures. In 1943 Ballard, Oshry and Schrenk® 
studied grinding and mixing of quartz 
powders for powder camera analysis. Gen- 
erally, their findings apply to the prelim- 
inary work-up of material for quartz ana- 
lysis by spectrometry. Klug and co-work- 
ers?:3 reported in 1948 that <5, particle 
size was necessary for uniformity of dif- 
fraction by quartz powder surfaces. In 
this laboratory, work was undertaken to de- 
velop quantitative analysis on quartz pow- 
der specimens of large particle size (< 200 
mesh) with a view to reducing time re- 
quired to prepare smaller diameter ma- 
terial by the time-consuming settling or 
grinding techniques. It was felt that ana- 
lytical data on large particle size material 
would be of value even though the < 5p 
range was currently the fraction of toxico- 
logical interest. 


Specimen Preparation Without 

Binder Material 

A COMMON METHOD for preparing spec- 
trometer specimens is to pack powders 

in a depression in a glass or metal slide. 
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A flat powder surface on a level with the 
supporting slide must be ensured, for vari- 
ations in powder surface level disturb the 
critical relationship between source, speci- 
men and slit, which is necessary for focus- 
ing and maximal instrument response. In 
this laboratory the powder is scraped level 
by means of an ordinary microscope slide. 
The danger of preferred orientation as a 
result of tight packing has already been 
mentioned by Klug’s group who employed 
cavities of 0.8 mm. depth. On the other 
hand, light packing of their specimens will 
not always produce preparations capable of 
withstanding normal handling in the verti- 
cal position. On this account cavities of 
1.75 mm. depth were routinely employed 
in this laboratory. The technique of Mc- 
Creery® for preventing preferred orienta- 
tion was essayed but it was found difficult 
to remove the glass back of the slide with- 
out taking away particles of powder when 
large size fractions were employed. 

Table II shows I,/I; ratios obtained at 
three different positions across the face of 
<5u specimens of different quartz con- 
tent. The ratios are based upon a single 
recorder trace. It is noteworthy that vari- 
ation of I,/I, between the three slide po- 
sitions frequently exceeds the single trace 
variation expected from the studies on re- 
corder performance. This points to dif- 
ferences in uniformity of <5, specimen 
surfaces as regards flatness, particle size 
distribution, or composition. It will be 
noted that averaging the ratios for the 
three positions resulted in greatly im- 
proved agreement between duplicate or 
triplicate specimens. Attention is directed 
to the agreement between first and second 
surfacing shown in Table II. 

Averaging among specimens produces 
values which on plotting in Fig. 3 show 
a close linear relationship between 100 and 
12% quartz, but the straight line extrapo- 
lates through the ordinate.. As theory dic- 
tates that the curve pass through the or- 
igin, the 6% point was explored. A change 
of direction toward the origin was found, 
but the 6% point fell below a straight 
line drawn between the origin and 12%. 
The phenomenon is reminiscent of the curv- 
ature reported by Klug et al® between 
0 and 10% and further work is in progress 
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29 20 3 80 Tete) 
PERCENT QUARTZ 
Fig. 3. 


Relationship between percentage of quartz 
on internal standard basis and the ratio of in- 
tensities of quartz (d value 3.33 A°) and 
fluorite (d value 3.16 A°) for <5 micron 
powder prepared by binder-free and binder 

techniques 


to investigate this aspect as well as the 
displacement of the straight line portion. 
As will be later shown, sample preparation 
techniques play a major role in the agree- 
ment which can be reached between theory 
and experiment in diffraction analysis. 

Work with < 200 mesh powders proved 
that this specimen preparation technique 
was unsuitable for the large particle size 
materials. Grinding in amyl acetate for 
12 minutes improved the surface uni- 
formity of diffraction but did not make it 
practicably possible to arrive at constant 
surface conditions for diffraction. This 
is demonstrated by results on resurfacing 
of specimens shown in Fig. 4. 


Binder Type Preparation 
Wit8 A VIEW to establishing a method 
which would permit the analysis of 
< 200 mesh material, experiments were 
undertaken with the binder type of prep- 
aration. Coating powders on glass slides 
by means of a binder is a _ well-known 
method of preparing a powder surface but 
at the time of this study, the method had 
not been exploited in quantitative analysis. 
After investigation of various factors 
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influencing the preparation of surfaces, the 
following procedure was evolved: 

0.10 gram of specimen (< 200 mesh or 
<5yu) is placed in an agate mortar of 
inside diameter 60 mm. permanently at- 
tached to the turntable of a Fisher 
grinder. To the mortar 0.5 cc. (< 200 
mesh powder) or 0.3 c.c. (< 54 powder) 
of amyl acetate and 0.1 c.c. of collodion 
amyl acetate (1:1 by volume) are added. 
Sample is then ground at 22+ 1°C. for 
a 12 minute period, when < 200 mesh 
powder is involved; three minutes in the 
case of < 5y powder. At the end of this 
time, the contents of mortar are poured 
onto the centre of a one square inch area 
marked on a microscope slide, draining 
of the mortar being assisted by means 
of an agate pestle. The liquid is ad- 
justed to cover one square inch by tipping 
the slide. Drying is carried out in an 
oven maintained at 39 + 2°C. and takes 
under 10 minutes. 

Sample weight and area of pour were 
found to be critical in avoiding prepara- 
tions too thin for maximal diffraction or 
too thick for smooth drying. In the present 
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Relationship between percentage of quartz 
on internal standard basis and the ratio of in- 
tensities of quartz (d value 3.33 A°) and 
fluorite (d value 3.16 A°) for < 200 mesh 
powder prepared without binder. Resurfacing 

produces major changes in ratio 
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technique sample size and area control pro- 
duce uniform thickness from preparation 
to preparation. The minimal thickness 
condition postulated by Taylor® appears to 
have been exceeded. 

Collodion strength and viscosity of 
ground mixture were early noted to have 
an influence upon maximal diffraction. It 
was found necessary to maintain collodion 
at uniform strength and to grind under 
temperature control to prevent wide vari- 
ation in consistency due to evaporation of 
amyl acetate and ether. In studies of large 
numbers of identical quartz preparations, 
it was noted that very thick and indeed 
very thin slides frequently gave diffraction 
intensities above average. Controlled dry- 
ing proved necessary in maintaining con- 
- sistent smoothness though wrinkled prep- 
arations did not consistently show lower 
than average diffraction. 

Surfaces made up with unground < 200 
mesh material exhibited extreme variation 
in reflectivity. Minimal grinding time for 
production of uniformly diffracting pow- 
ders was therefore investigated. In experi- 
ments with < 200 mesh quartz ground in 
amyl acetate for periods up to 60 minutes 
major gains in maxima and specimen sur- 
face uniformity were made up to 10 min- 
utes grinding. Thereafter little advantage 
resulted. Additionally, it was observed 
that the diffraction maxima of hand-ground 
specimens agreed with maxima of machine- 
ground provided that the mortar was not 
removed from an optimum position on 
the grinder turntable, for the machine 
grinder efficiency was found to be depen- 
dent upon the relationship between mortar 
and the pestle. 

In view of the foregoing observations 
a standard grinding time of 12 minutes 
was selected except in the case of < 5p 
material where three minutes in the mor- 
tar provides for mixing of pour. It is 
admitted that 200 mesh material may have 
highly variable particle size distribution 
and that in these circumstances variation 
from standard grind time might possibly 
be necessary to arrive at standard diffrac- 
tion maxima. However, as will be shown 
later, synthetic mixtures of quartz, cal- 
cite and fluorite from < 5p, 5p to 200 
mesh and from < 200 mesh material have 
consistently yielded comparable diffraction 
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Relationship between percentage of quartz 
on internal standard basis and the ratio of in- 
tensities of quartz (d value 3.33 A°) and 
fluorite (d value 3.16 A°) for 200 mesh 
powder and 5y to 200 mesh fraction prepared 

by binder technique 


response indicating that minimal particle 
sizing for maximal diffraction has been 
attained. Further security is contributed 
to the standard grinding time from the 
fact that no cases of contour broadening 
or lowered maxima have been noted with 
the synthetic mixtures of these size ranges. 
Differences in diffraction response of fluo- 
rite from particular reagent lot numbers 
have been observed but contours have been 
narrow and high—atypical of very small 
particle size material. Finally, large num- 
bers of samples of quartz reduced from 
large crystals to < 200 mesh size by non- 
standard pulverizing techniques have 
proved to yield comparable diffraction 
maxima on 12 minute grinding. This, 
along with experience on a wide variety 
of field samples, established that effect of 
variation in large size proportion is re- 
solved by the grinding period chosen. 
Ratios for < 5u mixtures of quartz, cal- 
cite and fluorite are summarized in Fig. 3. 
Diffraction estimations for mixtures in the 
size ranges 5u — 200 mesh and < 200 mesh 
are plotted in Fig. 5. Each point on the 
graphs represents the average of two or 
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three specimens estimated at three po- 
sitions across the surface. Noteworthy is 
the <5 curve which changes direction 
toward the origin around 12% quartz. The 
similarity to the < 5y curve derived by 
binder free preparation is striking and 
suggests a common denominator in terms 
of the powder fraction rather than sample 
preparation. 

The deviation from linearity which be- 
comes significant in the 75-100% range 
of the < 5» curve for binder specimens 
appears to be characteristic of the binder 
type of preparation. Geiger tube response 
showed linearity well beyond the discharge 
rate of 100% samples. The binder free- 
curve for the same material was linear 
in that concentration range. The < 200 
mesh and the 5, to 200 mesh curves, linear 
along their major course, proceed through 
the origin and confirm theory except above 
75% where the influence of slide prepa- 
ration also become significant. This phe- 
nomenon is under investigation and will 
be reported on in a separate paper. Pre- 
liminary study indicates that change in 
slope is related to fluorite content, for 
internal standards containing one-fifth 
fluorite yield curves with significantly 
greater deviation from linearity. 

Reference to the < 200 mesh curve of 
binder-free samples (Fig. 4) and to the 
curve for binder type (Fig. 5) indicates 
that material of this fraction gives the 
same I,/I, ratios up to 75% whether pre- 
pared as binder type or binder free. Re- 
sults of analyses on settled foundry dusts, 
shown in Table III, confirm this finding. 
Though close agreement was obtained by 
both sample preparation techniques, the 
tedium and uncertainty of resurfacing 
that is involved in working with binder- 
free preparations of < 200 mesh ma- 
terial exclude the method on _ practical 
grounds. 

Surface uniformity of binder prepara- 
tions of < 5u material was found to be 
slightly better than that of the binder free 
type tabulated in Table II. The same 
small advantage followed on a specimen 
to specimen comparison where binder type 
varied from + 0.5% quartz at 6% level to 
+3% at 100% level. This specimen re- 


producibility indicates that the loss of 
slope from which the binder curve suffers 
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beyond 75% quartz does not jeopardize 
analytical accuracy. 

Table IV summarizes ratios for < 200 
mesh powder prepared by binder technique. 


TABLE III. 
COMPARISON OF QUARTZ ANALYSIS 
By Two SPECIMEN PREPARATION TECHNIQUES 


2 at Specimen Position 


p %o 
Number Number (1) (2) (3) Average Quartz* 
Binder 
50-11 B 1185 0.22 0.23 0.20 0.22 10 
Binder 
1186 0.17 0.21 0.17 0.18 
Binder 
1189 0.23 «0.15 0.20 0.19 9 


Binder-Free 

ud F 216 0.19 0.42 0.21 Discard 
Binder-Free 

= F 217 0.60 0.20 0.22 Discard 


Resurfaced 
* F 216 0.18 0.15 0.24 0.19 8 
Resurfaced 
F 217 0.17 0.21 0.19 0.19 
Binder 
50-11 C 1187 0.14 O17 0.14 0.15 6 
Binder 
1188 0.13 0.16 0.15 0.15 6 
Binder-Free 
oo BF 218 0.13 0.12 0.21 0.15 6 
Binder-Free 
% F 219 0.12 0.12 0.15 0.13 5 
Resurfaced 
= F 218 0.09 0.12 0.16 0.12 5 
Resurfaced 
” F 219 0.13 0.12 0.14 0.13 5 
*From curves in Figs. 4 and 5. 
TABLE IV. 
BINDER SPECIMEN UNIFORMITY 
< 200 MESH 


QUARTZ — CALCITE — FLUORITE 


1/1, at Specimen Position 


Specimen % Quartz (1) (2) (3) Average Plot 

1235 

1236 12 0.820.384 

1225 1002.18 2.05 2.00 2.08 

1226 100 -2.00 «1.99 2.04 


1227 100 2.01 2.00 2.12 2.04 
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TABLE V. 
BINDER SPECIMEN UNIFORMITY 
5 Micron TO 200 MESH 
QUARTZ — CALCITE — FLUORITE 


at Specimen Position 


Specimen % Quartz (1) (2) (3) Average Plot 


1269 12 0.24 0.21 0.28 0.24 
1270 12 0.25 0.25 0.24 0.25 0.24 
1271 12 0.27 0.22 0.21 0.23 
1156 50 1.10 1.10 1.00 1.07 
1157 50 1.52 1.63 1.92 *1.69 1.14 
1158 50 1.23 1.31 .1.06 1.20 
1159 75 1.74 1.78 1.82 1.78 
1160 75 1.70 1.65 1.59 1.65 1.67 
1161 15 1.57 1.68 1.52 1.59 
1275 100 2.00 1.87 1.82 1.90 
1276 100 2.16 2.06 2.36 2.19 2.07 
1277 100 2.21 2.16 1.99 2.12 


*Discarded—Disuniform 


Variation ranged from + 1.5% quartz at 
12% level to + 3% at 75 and 100% level. 
The 5u to 200 mesh size range yielded 
comparable results as shown in Table V 
with variation + 0.5% quartz at 12% and 
+ 8%.at 100% level. It is evident that 
large particle size material can be satis- 
factorily analyzed by binder technique. 


Some Binder Specimen Characteristics 
DURING the course of experiments di- 

rected toward establishing the con- 
ditions of binder preparation rendering 
the reproducibility discussed above, obser- 
vations on variant specimens were made. 
This type has an important advantage as 
their characteristics can be examined in 
more detail than can the packed type. 
Transillumination by bright light was par- 
ticularly useful for this purpose. 

It was early found that specimens which 
spread out on the slide beyond a 1144”x 1” 
area gave excessively high or low I,/I, 
values. These resulted when amyl] acetate 
in excess of 0.6 cc. was used to prepare 
< 200 mesh material. High averages were 
most common and were associated with 
high I,/I,; values at all three slide po- 
sitions or with widely different ratios at 
the three positions. 

It can be assumed that such slides were 
below the critical thickness necessary for 
maximal diffraction. Slides prepared using 
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less than the specified amounts of amyl 
acetate tended to be wrinkled when dried 
and generally would not cover a one square 
inch area. On _ transillumination, such 
slides were frequently found to possess 
dense centres and crystalline edge. They 
yielded low I,/I; values. It was found 
that tilting of slides to spread the ground 
preparation over the specified one square 
inch area could lead to gross disuniformity. 
Excessive tilting tended to leave material 
set toward one slide edge with the result 
that a light and dense area division was 
created. These slides were characterized 
by high average value with wide vari- 
ation at the three scanning positions. 
The occurrence of disuniform and vari- 
ant binder specimens is infrequent when 
prescribed conditions of preparation are 
followed. As some do occur, however, all 
specimens are transilluminated and those 
showing fault may be discarded prior to 
scanning. Where material is opaque care- 
ful examination of the underside of the 
slide frequently reveals islands, striations 
or crystallinity which may not be evident 
on the exposed surface. Further investi- 
gation of binder specimen characteristics 
is being carried out including stratification 
of specimens containing proportion of ex- 
treme specific gravity materials. Fig. 6 


shows specimen 1157—50% mixture of 5u 
to 200 mesh material—for which ratio from 
three slide positions was 1.69 (see Table V) 
in comparison with 1.07 and 1.20 for the 


Fig. 6. 

Binder specimen uniformity as revealed by 
transillumination with bright light. Slides 1160 
and 87! averaged normal and showed uniform- 
ity on transillumination. Number 1157 was ex- 
cessively tilted and 854 was spread beyond 

one square inch area. Both averaged high 
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two other members of the triplicate—num- 
bers 1156 and 1158. This variant was ex- 
cessively tilted after pouring and set with 
an uneven concentration of particulate mat- 
ter. Slide 1160, a normal 75% specimen, 
shows uniformity on transillumination. In 
the same figure is slide 857, a 50% speci- 
men of < 200 mesh material which spread 
beyond the one square inch area on pour- 
ing and yielded slide average 15% higher 
than normal as represented by the uniform 
adjoining slide 871. 

Such findings have emphasized the criti- 
cal position of specimen preparation in the 
diffraction analysis field. The gross vari- 
ation which can occur with small change in 
conditions of preparation makes this aspect 
a matter of art as well as science. 


Analytical Accuracy 


BASICALLY the accuracy of a quartz analy- 

sis on a field sample lies in the rationale 
applied in the initial instance to the raw 
specimen which is made up for preliminary 
examination of the analytical case. It an- 
nounces the presence of components having 
d values close to or upon the d values for 
quartz and fluorite. If components exist 
which diffract at 28.36 degrees on the spec- 
trometer, the employment of fluorite is 
contra indicated. Recourse may be made to 
nickel oxide, sodium chloride or other crys- 
tallites for use as internal standard; or, 
alternatively, if low accuracy is acceptable, 
estimation of the effect of the component 
on the diffraction of the fluorite internal 
standard can be made. Should super- 
position occur close to or upon the 3.33 
angstrom line of quartz, recourse may be 
had to the 4.25 line of quartz, or, as above, 
accuracy may be sacrificed, the 3.33 line 
employed for I, in the IT ratio and the 
influence of the superposing compound 
estimated. The trace of the raw specimen 
provides some check on the particle size 
range; narrow base traces reflecting larger 
size particles, wide base traces reflecting 
the presence of sub-micron particles. 

In the absence of the complications re- 
ferred to above, the technique is straight- 
forward. A choice of binder or binder-free 
type of preparation is made largely on 
the basis of the known particle size; < 200 
mesh powders being preferably handled by 
the binder technique; < 5 micron particles 
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may be handled by either technique. Sam- 
ples containing known constituents of ex- 
treme specific gravity nave been found in 
our laboratory to be best handled by the 
binder-free method. 

It will be appreciated from the calibra- 
tion data presented that the choice of slide 
preparation method represents a_ second 
pivot on which accuracy of the analysis will 
depend. If the slide preparations proceed 
normally, calibration curves provide the in- 
dex of accuracy. If, on the other hand, 
preparations do not turn out well, as meas- 
ured in terms of agreement between multi- 
plicates, additional slides may be prepared 
and estimated with a view to confirmation, 
or transillumination may be resorted to 
for purpose of discarding, or the actual 
results on the multiplicates may be ac- 
cepted and a corresponding accuracy, re- 
flected by the difference in results, may be 
assigned. These considerations which form 
the third and final factor in accuracy of 
results, are obviously related to the ulti- 
mate purpose for which the quartz findings 
are intended. 


Summary 
[NSTRUMENTAL variations and errors in 

estimating background combine with 
variations in slide surfaces to form the 
possible error of a single recorder trace on 
a specimen. Such possible errors are re- 
duced by the process of scanning three 
slide areas and by duplicating or tripli- 
cating sample preparations which has the 
effect of further increasing the number of 
surfaces scanned and multiplies recorder 
experiences. The employment of calibration 
curves for different particle size bands and 
fluorite lot numbers, and for binder or 
binder-free preparations permits deliberate 
control of the significant difference over 
which these features rule. Transillumina- 
tion of binder slides and resurfacing of the 
binder-free type permit the neutralization 
of effect of some extreme variations. Care- 
ful control of recorder amplitude and damp- 
ing recognizes that the internal standard 
technique does not offset an instrumental 
characteristic affecting low recorder deflec- 
tions. 

The recorder technique, as described in 
this paper, offers a compromise between 
accuracy and speed which is entirely accept- 
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able in the industrial hygiene field. Com- 
bined with suitably organized laboratory 
procedures for sample handling, the re- 
cording spectrometer permits the analysis 
of numbers of samples which by any other 
method would be beyond the practical pos- 
sibilities of modern health budgets. 
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Announcement 


The American Industrial Hygiene Association Quarterly in order 
to be of greater service to its subscribers is adding a new feature 
with this issue. Vacancies in the field of industrial hygiene will be 

listed as received without charge. 


LARGE American industrial concern wishes 

to add to its present Industrial Hygiene 
staff an Industrial Hygienist who has had 
broad experience and training in this field. 
The position will require considerable travel- 
ing and field work, and involves making sur- 
veys and reports. A minimum of three years 
experience in the field is required. Salary 
commensurate with training and experience. 
The Washington Branch of the _ Inter- 
national Labor Office announces a vacancy 
in the Industrial Hygiene Division of the 
International Labor Office at present located 
in Geneva. The position is that of Member 
of Section, Industrial Hygiene Division. Ap- 
plicants must be United States citizens be- 
tween the ages of 27 and 35. University 
education with a degree of Doctor of Medi- 
cine is required. Applicant must have ability 
to write well in English and a good knowledge 
of French. Additional languages will be con- 
sidered. Applicant must have a _ thorough 
knowledge of industrial medicine, both prac- 
tical and theoretical. The salary scale ex- 
tends from $4,410 to $7,850. By promotion, 
access may be gained to a higher category, 
whose scale extends from $7,850 to $9,700. 
The duties involve collection and classification 
of documentation in respect to occupational 
health, and especially medical rehabilitation, 
drafting of notes on the above questions for 
office publications, assistance in preparation 


of reports for conferences and committees, 
furnishing technical information and advice 
on occupational health. 

The initial salary for the present appoint- 
ment will be fixed at $5,000 unless age, experi- 
ence and qualifications of the successful can- 
didate justify a higher commencing salary. 
Applicants should apply to the. Washington 
Branch of the I.L.0., 1825 Jefferson Place, 
Washington 6, D.C., giving full information 
on the required qualifications as listed above. 
Applications should be filed before January 
31, 1951. 

Several well-trained Industrial Hygienists 
available. This is to call attention to prospec- 
tive employers of the fact that a few well- 
trained graduates in June, 1950 with Masters 
Degrees in Public Health are available for 
employment in the field of Industrial Hygiene. 
Although they lack actual experience, their 
training is such that they would make de- 
sirable additions to an Industrial Hygiene 
staff either in Industry or Government. 

For further information relative to the 
first position listed above and relative to 
the available personnel in Industrial Hygiene, 
please contact Frederick W. Sands, c/o United 
States Rubber Company, 1230 Avenue of the 
Americas, New York 20, New York. 


The Placement Committee has _ several 


other openings in addition to the above, for 
which applications are invited. 


tr 
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Industrial Toxicological Investigation 


HENRY F. SMYTH, JR., and CHARLES P. CARPENTER, 


Mellon Institute, 
Pittsburgh, Pennsylvania 


ERTAIN DIVISIONS of the Union Carbide 

and Carbon Corporation are large pro- 
ducers of a wide variety of chemicals, few 
of which are sold directly to the consuming 
public. In 1937 it became apparent that 
toxicological information required by the 
divisions of U.C.C. could no longer be satis- 
factorily supplied by temporary arrange- 
ments with educational institutions and 
consultants. Permanent facilities were 
necessary. Close coordination of toxico- 
logical studies with other Corporation 
activities was required to assure protec- 
tion of the health of workmen and to guide 
development of markets for chemicals be- 
ing originated and produced. It was 
judged that one of the functions of the 
toxicologists would be criticism. An or- 
ganization apart from the Corporation 
would possess an impartiality and prestige 
that would increase the weight of its opin- 
ions. Since such an arrangement would 
require a coordinator within the Corpo- 
ration, the following solution was elabo- 
rated. The Industrial Toxicology Depart- 
ment was established within the Corpo- 
ration, to function as a clearing house for 
toxicological and medical information and 
opinion. Experimental facilities were pro- 
vided at Mellon Institute under the name 
of the Chemical Hygiene Fellowship. It is 
with the latter that we are at present con- 
cerned. 


Scope of Fellowship Activities 
Y MEANS of animal experiment the 
Chemical Hygiene Fellowship obtains 
information on any health hazards of the 
materials, processes and products of the 
units of the Corporation, emphasizing those 
of the Carbide and Carbon Chemicals Di- 
vision. It considers hazards of production, 
shipping and application. Its studies are 
aimed at investigating every chemical of 
interest to the Corporation in order to 
obtain preliminary information upon po- 
tential hazards before samples are fur- 
nished to outsiders. As new chemicals pro- 
gress through successive stages of develop- 


ment, more advanced data are obtained 
upon promising specimens to determine the 
safety of proposed applications, or the un- 
suitability of the compounds because of 
associated hazards to health. 

In a highly competitive industry there 
must be little delay in the evaluation of 
new applications of chemicals while labori- 
ous toxicological studies are being per- 
formed. Facilities must be adequate to 
undertake new investigations upon short 
notice. For efficiency and maintenance of 
morale there must be a sufficient amount 
of non-pressing work to occupy the staff 
at all times. The Fellowship’s standby 
work, which can be set aside when urgent 
problems arise, is found in two areas. 
Long-range investigations upon methods 
for the detection of injury and upon physi- 
ological mechanisms are stimulating to 
those trained in research but who must 
work upon routine problems by standard- 
ized methods much of the time. Prelim- 
inary study of all new chemicals under in- 
vestigation by other laboratories of the 
Corporation is undertaken before applica- 
tions are foreseen or even before manu- 
facturing processes are developed. A\l- 
though this work can be put aside in peri- 
ods of pressure, it is quite important. Such 
studies result in the accumulation of data 
from which there can usually be formed 
on short notice tentative judgments of the 
safety of proposed applications. 


Avenues of Information 
I" IS OUR AIM to obtain preliminary in- 
formation upon every compound being 
studied by research and development lab- 
oratories of the Corporation, and to have 
on file tentative information upon each 
chemical in advance of a request. Such a 
goal cannot even be approximated without 
reliable information upon the activities of 
other laboratories. It has been found that 
obtaining knowledge of the direction of 
their work is not a simple straight-forward 
operation, and several routes for its collec- 
tion have had to be established. 
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Practically continuous contact between 
the Industrial Toxicology Department and 
various sales groups in the Corporation’s 
main offices keeps that Department in- 
formed of new applications being con- 
sidered for specific chemicals and of new 
products being offered to the trade. Where 
questions of toxicity are involved, reports 
of call from salesmen in the field pass 
through that office. Furthermore every 
opinion on toxicity or health hazards di- 
rected to a customer or to any other in- 
terested party either originates in that 
office or is cleared there before being 
mailed. 

Participation of the Department in 
the Labeling Committee, which is continu- 
ously concerned with laying out precaution- 
ary labels for new products, is a further 
source of contact. The observations and 
questions of industrial physicians in the 
various Corporation plants are sent to that 
office. All these sources give the Industrial 
Toxicology Department information upon 
the Corporation’s need for new toxicologi- 
cal data, and this information is in turn 
transferred to the Chemical Hygiene Fel- 
lowship, which must then set about ob- 
taining the data. 

If we depended solely upon information 
reaching the Industrial Toxicology De- 
partment there would be too much delay 
in starting work on many chemicals. Per- 
sonal communication with others at Mellon 
Institute who are developing new appli- 
cations is a fertile source of information. 
Direct contact is maintained by mail and 
telephone with several research and de- 
velopment laboratories, and occasional 
visits to these groups furnish further 
help. 

What might be considered a clean-up 
step is the policy of the shipping depart- 
meni at the largest plant. It will ship 
nothing until the Fellowship has given an 
opinion upon proper labeling to meet I.C.C. 
regulations on classification of poisons. 

The several formal and informal con- 
tacts enumerated allow the Fellowship to 
undertake preliminary toxicity studies up- 
on new chemicals very early in the course 
of their development. As a result, in many 
instances tentative information is at hand 
before a formal request for advanced work 
reaches us. 
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Staff 
THE FELLOWSHIP staff numbers twenty- 
five. It is small enough to allow a loose 
organization, adapted to individual attri- 
butes and the requirements of the work. 
The Administrative Fellow is analogous to 
a research director. He maintains the ma- 
jority of the contacts of the Fellowship 
with units of the Corporation and also 
much of the committee service and public 
speaking which are important parts of the 
public relations of a professional group. 

The Advisory Fellow is a physician who 
has specialized experience in physiology 
and pathology. One Senior Fellow is a bio- 
chemist who is assisted by two technically 
trained helpers. The other Senior Fellow 
is responsible for all animal treatment ex- 
cept that which is solely for the purpose 
of elucidating biochemical or physiological 
phenomena. His technical assistants are 
practically interchangeable among the vari- 
ous types of small animal treatment. They 
are loosely divided among four activities: 
single doses to rats, mice or guinea pigs; 
repeated doses to small animals; work with 
rabbits, such as irritation, eye injury and 
skin absorption tests; inhalation tests. The 
Fellow who supervises the rabbit tests is 
also a_ statistician for the Fellowship. 
Studies on the larger laboratory animals 
are done by the two Senior Fellows to- 
gether with the more experienced assis- 
tants. 

These technically trained persons are 
aided by ten workers who prepare histo- 
logical specimens, make literature surveys, 
furnish secretarial services, and care for 
the equipment and animals. Many auxili- 
ary services are available from Mellon In- 
stitute, the most indispensable of which 
are the technical library, purchasing and 
accounting departments, chemical and ap- 
paratus stock room, machine shop, glass- 
blower, duplicating service and messenger. 

A specialist in animal pathology is re- 
tained to interpret the histological prepa- 
rations resulting from the studies. Tests 
for human dermal sensitizing ability are 
conducted by a consultant. 

Figure 1 is a chart showing the organi- 
zation of the Fellowship. It may serve 
to clarify the relationships and divisions 
of the Fellowship staff that have been 
outlined. 
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BIOCHEMISTRY 


TECHNICALLY TRAINED ASSISTANTS 


Fig. |. 
Organization of the Chemical Hygiene Fellow- 
ship of Mellon Institute 


Facilities 
THE FELLOWSHIP occupies one floor of 
about 7000 square feet in a laboratory 
building. The experimental animals con- 
sisting of mice, rats, guinea pigs, rabbits 
and dogs, are housed in seven rooms and 
for the most part are treated in the same 
space. Two rooms are devoted to inhalation 
studies, one to histological preparation, 
two to chemical analysis and biochemical 
studies, and one to radioisotope technique. 
One room is a technical library and one 
a secretarial office. There are four staff 
offices, one locker room and a sample stor- 
age room. The corridor is used for ad- 
ditional work and storage. 

About 1000 rats are produced within 
the Fellowship per month, and 200 rabbits 
are purchased in the same period. Other 
species are used more irregularly in smaller 
numbers. There are 1200 cages of various 
sizes and the animal population under ob- 
servation approaches 5000. 


Planning and Follow-Up 
Al OUR PRELIMINARY work, ordinarily 
called Range-Finding Testing, and 
much of the more detailed study we refer 
to as advanced work are done by methods 
standardized by the Fellowship for its own 
use. Because of this standardization, we 
feel that we can place reliance in quan- 
titative comparisons of results gathered 
over a period of many years. 
When information or a request prompts 
us to start preliminary studies, as many 
data as possible are collected upon physical 
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properties and probable useful applications. 
We attempt to foresee the most likely type 
of human contact with the chemical. The 
toxicological literature is routinely 
searched, but upon new chemicals it is sel- 
dom productive. The Administrative Fel- 
low then decides what standardized tests 
should be performed: single or repeated 
oral doses, skin penetration, inhalation, 
skin contact, eye injury, etc. He estimates 
the cost and notifies all specially interested 
persons that the work is being undertaken. 

When advanced work is requested the 
application is usually definitely specified, 
pertinent laws and regulations which must 
be met are known, and planning of quanti- 
tative phases of the study is simpler; how- 
ever, the procedure is essentially the same. 
Biochemical and physiological phases of 
advanced work cannot be standardized and 
are not planned with the detail which is 
possible in quantitative toxicology. 

Every study is entered in a follow-up 
file of Kardex cards. The tests to be per- 
formed are shown on the visible edge and 
colored signals are used to record the pro- 
gress of each test. As an operation is com- 
pleted the results are entered on the card, 
which already bears notations of physical 
properties and other pertinent informa- 
tion. Inspection of this file at any time 
will yield all information thus far accum- 
ulated on a chemical and will allow pre- 
diction of the date on which the study 
will be finished. 


Reports and Publication 
UPoNn THE completion of each study a 
report is prepared and mimeographed. 
Details of all observations are tabulated, 
presented graphically when feasible, and 
summarized. A feature of reports upon 
new chemicals is the description of haz- 
ards to be expected in production. These 
are given in the form of comparisons with 
the hazards known to be associated with 
more familiar structurally related com- 
pounds. To those already dealing with the 
familiar materials, the comparisons indi- 
cate the nature and the stringency of pre- 
cautions required to protect workmen who 
will handle the new chemicals. 
From time to time review reports con- 
sider broad groups of chemicals, or they 
summarize all tests for one particular haz- 


y- 
OF UCC. OFESSIONAL 
se RESEARCH, AMO PUBLIC 
| 
‘k 
[oata rice] 
to 
ip 
TREATMENT 
ie 
lic 
he 
ome | REPEATED Ral 
ooses BREEDING cant 
ho man 3 MEN 
X- 
se 
al 
re 
‘j- 
35 
id 
1e 
is : 
p. 
Is 
)- 
a 
r 
4 
l- 
l- 
ad 
me 
Pe 
e 
e 
8 
n 


Page 198 


ard. Rating systems for degree of hazard 
are built up on the basis of review re- 
ports. They group together into one ac- 
tivity grade all chemicals whose hazard or 
toxicity in one particular type of exposure 
is for practical purposes identical in a 
quantitative sense. Fifteen rating systems 
have been outlined, each including com- 
pounds that are devoid of practical hazard, 
compounds among the most hazardous we 
have studied and intermediate materials. 
Five, ten or twenty activity grades are 
recognized for specific hazards, the number 
depending upon the sensitivity and pre- 
cision of the experimental methods em- 
ployed. In general, a particular grade in- 
dicates a hazard or toxicity about twice 
as great as the next lower numbered grade. 

Furthermore, monthly progress reports 
list all projects under way and give data 
upon studies too brief to justify special 
reports. An annual report surveys work of 
the year, discusses changes in facilities and 
personnel, and outlines plans for the 
future. 

In order to facilitate reference to any 
of the 1300 reports we have issued, serial 
numbers are assigned to the documents. 
The first part of the number signifies the 
year in order that the age of data may 
be evident at a glance. 

Each report is mailed to 15 persons in 
medical, research, production and sales de- 
partments of U.C.C. divisions. Additional 
copies are sent to other persons who may 
have a special interest in the particular 
compound, and at times they are given to 
customers of U.C.C. or to Federal agencies. 
Most persons on the regular mailing list 
circulate the reports among their asso- 
ciates, and it is safe to say that each 
document passes over 50 desks. 

Experience shows that the majority of 
the reports are not permanently filed by 
the recipients. Accordingly inquiries about 
past work must be directed by necessity 
either to the Fellowship or to the Industrial 
Toxicology Department of U.C.C. From 
either place replies may include new in- 
formation which would not have been avail- 
able had old reports been consulted. It 
may appear wasteful to send out for only 
temporary use voluminous reports replete 
with tables of detailed observations. We 
have found by experience, however, that 
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our routine office work is less when we 
send the same report to everyone than when 
we prepare one page summaries for part 
of the mailing list. The present bulky 
reports bear the summary on the first 
page, and those who want no details need 
read no further. 

In addition to one report on the average 
of every three days, paths of information 
and opinion to U.C.C. personnel include 
frequent personal contacts with all depart- 
ments and a steady stream of letters of 
inquiry. Most of the letters are concerned 
with the safety of applications of chemicals 
and rightly are directed to the Industrial 
Toxicology Department at the main offices. 
Here contact in person and by telephone 
is very close between that Department and 
the sales and production personnel. 

Communications to professional col- 
leagues are partly in answer to letters or 
telephone calls of inquiry and partly by 
publications in technical journals. It is 
expected that every fact the Fellowship 
establishes will be published, although in 
a few instances commercial secrecy delays 
release for a time. Up to this date 40 
articles either have appeared or are in 
press, being chiefly communications of 
new facts about specific chemicals. 

A moderate number of addresses are 
delivered to professional and lay groups. 
These talks seldom discuss the toxicity or 
hazards of specific chemicals. They out- 
line the need for toxicological studies, 
methods for conducting studies, and gen- 
eral considerations of health hazards from 
chemicals. In order to facilitate public 
addresses a brief movie film has been 
prepared to illustrate some of the tech- 
niques for treating and observing small 
animals. Purposely no recorded narrative 
is embodied in the film in order that spon- 
taneous running comment from the speaker 
may interest and enliven the audiences. 


Data Files 

‘THE FELLOWSHIP has never had the serv- 
ices of a person specifically trained in 

filing procedures, but it is doubtful if ex- 

perience in conventional office filing would 

have met our needs. Several difficulties 


have arisen which have led to the present 
arrangement of data files. Twice in the 
early years, work on a particular chemical 
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was repeated because we did not remem- 
ber it had been done before. Several times 
we have been confused by a change in the 
name given to a compound when it was 
shifted from research to production de- 
partments. At least half of the opinions 
expressed by the Fellowship are given dur- 
ing telephone conversations; consequently 
all our data must be at our finger’s tip. 
Once we have reported on the study of a 
chemical, most of the opinions upon its 
proper handling and application originate 
in the Industrial Toxicology Department of 
U.C.C., although plant medical departments 
and research groups have frequent need 
to obtain brief summaries of the toxicity 
of compounds we have tested. 

After seven years of work the condition 
of our files was surveyed, the needs they 
must meet were outlined and a major re- 
vision was made. This undertaking was 
completed in two years, a task requiring 
half the time of the Administrative Fellow 
in the interval. If the situation had been 
foreseen when we started in 1937, that 
time could have been saved. A major re- 
sponsibility of the Administrative Fellow 
is now keeping the data files up-to-date, 
and this attention requires about three 
days a month for the typist and himself. 
There are 27 files of data, observations, 
slides and the like, material which must 
be kept separate because of their physical 
nature or subject matter. 

There are three data files, the dupli- 
cation being judged necessary because of 
the different needs of the people who will 
use them. They are brought up-to-date 
during the preparation of each monthly 
report. 

The Kardex file is the key to all other 
files and it rests by the Administrative 
Fellow’s telephone. Its 2000 headings in- 
clude one card for each grade of each 
chemical we have tested. On the visible 
edge of each card is a line of 31 numbers 
representing 22 standardized test proced- 
ures and nine categories of other informa- 
tion. Boxes drawn around numbers indi- 
cate what particular tests have been per- 
formed. By code it is shown in what de- 
tail the test was conducted and whether 
the results were published. Each card is 
8x9 inches, folded once. On the outside 
surface there appears the chemical struc- 
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ture, synonymous names, sample number 
and some physical properties. Inside on 
31 numbered lines corresponding to the 
numbers on the visible edge, there appear 
one-line statements of the results of every 
test done on the compound. The statements 
are in a condensed form not intelligible 
to outsiders. When the test is one of the 
standardized procedures there appears also 
a symbol giving the activity grade in the 
corresponding rating system by which we 
scale response. Each line bears a reference 
to one or more of 10 satellite files of data, 
such as notebooks, autopsy sheets, pathol- 
ogy interpretations, slide boxes, photo- 
graphs, reports, and publications. 

The Kardex cards are filed alphabetically 
by currently employed chemical names with 
cross references for trade names. In ad- 
dition, on the visible edge appears a struc- 
tural number which will be discussed in 
the next paragraph. 

All our quantitative data are coded on 
hand-sorting punch cards (Keysort) and 
it is hoped that qualitative data can be 
added at a later date. Each of the 1800 
cards bears the chemical name typewritten 
thereon. In the double row of holes on all 
four edges of the card are punched per- 
forations indicating the structural num- 
ber, each test performed on the compound, 
and the results by activity grades in 13 
of the standardized tests. The cards allow 
rapid sorting according to hazard in dif- 
ferent types of exposures and contacts, as 
well as correlation between hazards. The 
structural number is assigned to show each 
physiologically functional group or element 
in a chemical and it allows sorting for any 
group or combination of groups. The num- 
ber is not unique for ‘a chemical, but it 
divides a wide range of compounds into 
small groups of structurally similar mole- 
cules. There is maintained a file of struc- 
tural numbers already assigned, and there- 
in we can locate a chemical whose name 
has been changed since we first examined 
it. 

Neither file is available to those not 
working on our Fellowship, nor would 
these files be useful to anyone else because 
of the abbreviations, codes and conven- 
tions employed. To meet the needs of other 
groups in U.C.C. data files are maintained 
in eight locations. The cards are pre- 
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pared by typing with carbon paper back- 
ing on tracing paper cut to 5x8 inches 
and the master sheets are duplicated by 
the Ozalid process. Cards are filed alpha- 
betically with cross references by trade 
names. Entries are brief statements with- 
out abbreviations, giving all findings with 
references to reports where discussion or 
further details appear. Each card is num- 
bered serially and dated to facilitate its 
removal when a revision is furnished. The 
eight copies of this data file are in the 
offices of medical personnel and the re- 
search libraries, where presumably the 
users will be cautious if they have in- 
sufficient background to interpret the data. 
Others obtain opinions with or without 
data from the Industrial Toxicology De- 
partment or from the Fellowship. 


Gost Accounting 


‘THE FELLOWSHIP does not operate upon a 

fixed budget because its activities are 
governed almost entirely by fluctuating 
demands for service from various U.C.C. 
units. Nevertheless it must estimate the 
cost of each study, and it must divide its 
expenditures equitably among the various 
divisions of U.C.C. on whose problems it 
works. 

At the close of each fiscal year the 
total expenditures of the Fellowship are 
distributed among all the productive activi- 
ties in such a way that there results an 
estimated cost for each unit operation. 
Examples of unit operations are: mimeo- 
graphing one page of report, feeding one 
rat by stomach tube, one rat on a con- 
trolled diet for one day, preparing a slide 
of one animal organ, one day of work for 
a biochemist, and the like. The costs of 
long-range research, of errors in judgment 
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in planning studies, of correspondence and 
of professional activities and public rela- 
tions work are considered as part of over- 
head and are automatically divided among 
the productive activities. In those instances 
where unit costs have been compared with 
those of other toxicologists, reasonably 
close correspondence has been observed. 
The cost of one project is the sum of the 
costs of the unit operations performed. 
Supervision 

N POLICY matters the Fellowship is re- 

sponsible to an Assistant Director of 
Mellon Institute. By a strict interpretation 
of the situation the Fellowship has no di- 
rect organizational connection with the 
Union Carbide and Carbon Corporation or 
with the different units. The Corporation 
contracts with Mellon Institute to main- 
tain the Fellowship, the costs of which are 
paid by the Corporation to the Institute. 

In scientific and professional matters the 
Fellowship is guided partly by an Assis- 
tant Director of Mellon Institute and partly 
by the head of the Industrial Toxicology 
Department of U.C.C. The contract with 
the Institute is signed by a vice-president 
of the Carbide and Carbon Chemicals Di- 
vision of U.C.C., and it is his responsi- 
bility to supervise the Fellowship in re- 
gard to expenditures and to determine the 
need for all major studies undertaken. 

The growth of the Fellowship from a 
very modest beginning in 1937 can be ac- 
counted for entirely by the patience of 
U.C.C. personnel while they and we were 
learning how to work together. Now each 
party has learned something of the needs 
of the other and mutual education will 
undoubtedly continue, leading to more effi- 
cient and successful operation. 
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The Control of Cerain Health Hazards Encountered in Underground 
Metal Mines 


EDWARD C. J. URBAN, 
Industrial Hygiene Engineer, 
Saranac Laboratory 
The Edward L. Trudeau Foundation 
Saranac Lake, New York 


NDOUBTEDLY the principal hazard to 
health of common concern in metal 
mining has been related to the inhalation 
of dusts containing crystalline free silica, 
chiefly in the form of quartz. Of some- 
what lesser importance has been the influ- 
ence of such other hazards as the nature 
of the specific ores extracted, excessive 
concentrations of gases and smoke result- 
ing from blasting, air deficient in oxygen, 
gaseous products of the associated rock 
formations, excessive levels of carbon di- 
oxide, methane, temperature and humidity. 
Experience has demonstrated that in 
open pit mines exposed to outside air con- 
ditions and weather, where wet drilling 
and other reasonable dust suppression 
practices were applied, these hazards at 
best were only small. The following dis- 
cussion, therefore, will be confined to 
underground mines. It will present cer- 
tain factors of interest which the Saranac 
Laboratory has experienced in its silicosis 
control investigations and efforts in more 
than two-score hematite, magnetite, cop- 
per, lead and zine mines located through- 
out certain sections of this country. 
Essential requirements for insuring safe 
working atmospheres in underground metal 
mines are: an adequate volume of clean 
outside air to provide the mine with good 
general ventilation; planned systems of 
air courses which effectively distribute this 
air supply to the areas of mine activity; 
provisions for removing smoke and exhaust 
air from the mine with exposure to the 
fewest men and auxiliary systems which 
mechanically deliver ventilation to the re- 
mote or dead end workplaces. These funda- 
mentals are of equal importance to the use 
of water to allay dust, regulated blasting, 
the use of respirators, education of the men 
in good dust-prevention practices and the 
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frequent inspection and analysis of work- 
ing environments. 

Today, labor has become increasingly 
concerned with working conditions. Ac- 
cumulations of blasting smoke in mining 
areas has meant avoidable delays in pro- 
duction and a hazard to safety. The U.S. 
Bureau of Mines reported six fatalities 
which occurred during the past five years 


in metal mines and tunnelling develop- 


ments as the result of asphyxiation from 
blasting gases and oxygen deficient air. 
Other fatal accidents probably have oc- 
curred in which poor air was a primary 
cause. It is not unusual for sulfur-bearing 
slates to burn underground, following ex- 
posure to air and requiring sections of a 
mine to be completely sealed off for years. 
Methane has on occasion been found in 
the de-watering of old mines. Carbon di- 
oxide and heat resulting from the de- 
composition of mine timber and heat from 
progressively higher rock temperatures en- 
countered with deeper mining have pro- 
duced uncomfortable working conditions. 

An industrial hygiene program for 
metal mines to be effective must be de- 
signed and applied to give consideration 
to and establish good control of all these 
factors. 


Characteristics of Mines 
‘THE MINES observed varied in size from 

the smallest which employed about 20 
men underground per shift to the largest 
which worked 290 men per shift. The 
depth of mining ranged from 300 to 3500 
feet below surface. 

The ore deposits in the largest group 
of mines were of sedimentary origin which 
had later been altered. They occurred as 
massive bodies of merchantable ore con- 
centrated from the surrounding low-grade 
formations along faults and igneous in- 
trusive dikes. In a second group of mines 
the ore was of probable igneous origin and 


0 
id 
a- 
r- 
ig 
th 
ly 
d. 
of 
mn 
i- 
1e 
or 
mn 
n- 
re 
1e 
ly 
ry 
it 
i- 
i- 
h 
ls 
ll 


Page 202 


was present in heavy irregular veins which 
graded into the enclosing rocks. In a 
third group of mines the deposits were as 
unaltered sediments. They occurred as 
beds or layers of fairly regular thicknesses 
separated and enclosed by other layers of 
sedimentary rock. 

The nature of the rocks associated with 
these ore bodies varied in mineralogical 
composition dependent upon their geo- 
graphical location and manner of deposi- 
tion. In the Lake Sunerior R-cion for 
example, the Goodrich quartzites, Negaunee 
Iron formation and Siamo slate were pre- 
dominant on the Marquette Range. Gray- 
wacke, gray and black Footwall Slate, 
Iron formation and graphitic Black Slate 
occurred on the Menominee Range. Those 
, common to the Gogebic were the Quartz- 
ites and Quartz slates, the Ironwood Iron 
formation with its cherty members and the 
inter-bedded Tyler Slates. 

In the Adirondack district the gabbros, 
granites, syenites and gneisses were pre- 
dominant with large masses of included 
pegmatites. Shale and sandstone were 
common to the Clinton formation, in Ala- 
bama. 

Similarly, the free silica contents varied 
with the specific rocks. They ranged from 
about 6% free silica in the syenites to 
more than 60% in the quartzites. 


General Mine Ventilation 


A NUMBER of different methods of mine 

ventilation were observed during the 
past more than ten years of study. Ven- 
tilation by natural means aione has proven 
to be generally unsatisfactory. The wide 
variation between low air volumes during 
the summer months and the higher vol- 
umes during the winter months led to un- 
predictable conditions that were difficult 
to control. Currently, all of the mines 
which had been observed with but three 
exceptions are provided with mechanical 
ventilation. These three enterprises util- 
ized a system of open-stope mining with 
supporting pillars in ore deposits cf a mas- 
sive continous vein-type. They are situated 
in the Adirondack Region where the cold 
winter months allowed a method of natural 
mine air conditioning and ventilation to 
be employed similar to that first developed 
in Canada. By this method, surface water 
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was allowed to accumulate in the old 
stoped-out mine areas close to surface and 
through which the mine air supply was ad- 
mitted. During winter the cold outside air 
was heated several degrees in temperature 
as it passed over and turned the stored 
water into ice. At atmospheric pressure, 
ice melted at 32°F. and the latent heat 
144 B.T.U. per pound. In summer the re- 
verse occurred as the warm outside air was 
cooled by contact with the melting ice. 
Relatively constant temperature differen- 
tials were maintained the year-round be- 
tween the intake air sections and the mine 
workings at the lower elevations. Con- 
tinual air supplies of large volume were 
produced and the temperatures in the mine 
workings ranged from 60 to 70 degrees 
Fahrenheit. 

This simple and effective method of mine 
ventilation eleminated the costly need of 
preheating mine air supplies in winter 
and is one which can be utilized to good 
purpose by other similarly situated mines. 

The need for providing mines with ade- 
quate supplies of outside air for general 
mine ventilation has been recognized for 
many years. However, workable standards 
of accepted good practice or definitions of 
adequate mine volumes are still lacking. 
Many of our state codes or regulations, 
for example, suggest the provision of as 
little as 100 or 200 cubic feet of air per 
minute per man. These requirements are 
equalled and often exceeded by the air 
discharged from modern pneumatic drills 
and shovel loading equipment used in 
mining. 

During 1943, twenty-five mechanically 
ventilated underground iron-ore mines in 
the Lake Superior District was surveyed 
to, determine the efficiency of their venti- 
lation. Table I presents a classification of 
these mines by ventilation conditions, num- 
ber of men employed and the type of 
mining. The term “Ventilation Index” 
represents an evaluation of conditions in 
each mine. Ventilation in those rated as 
D was judged as being generally inade- 
quate. In the C, B, and A mines ventilation 
was increasingly more effective. 

Employment data were based upon the 
largest daily shift. The ratio of the num- 
ber of miners on the day shift to the 
total men underground on the same shift 
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TABLE I. 
CLASSIFICATION OF 25 MECHANICALLY VENTILATED UNDERGROUND IRON-ORE MINES 
By Number Men Employed and Ventilation Conditions in 1943 


Range Average 
Number of Cu. Ft. per 
Men per Total Mine Cu.Ft. per Min. per Man 
Type of Number Underground Volume, Cu. Ft. Min. per Miner per Underground Ventilation 
Mining Mines Shift per Minute per Shift Shift Index 
3 30—55 25,000—40,000 1,200 850 A 
Sublevel 3 30—60 20,000—40,000 1,000 650 B 
Stope 2 40—60 20,000—25,000 750 450 Cc 
2 50—60 15,000—20,000 500- 300 D 
3 60—250 45,000—200,000 1,500 800 A 
Sublevel 1 90 55,000 1,000 600 B 
Cave 2 65—100 20,000—40,000 €50 350 Cc 
1 65 Less than 20,000 550 250 D 
Radial 2 75—395 50,000—60,000 1,250 700 A 
top slice 1 135 65,000 1,000 500 B 
2 90—160 35,000—60,000 700 400 Cc 
3 60—200 15,000—50,000 500 250 D 


for all these mines ranged from 0.45 to 
0.63. In the majority of mines this ratio 
approximated the average of 0.54. 

A review of Table I indicates that the 
number of men underground on the largest 
daily shift can be used as a suitable meas- 
ure of the volume of air required for such 
iron-ore mines. Jt can further be con- 
cluded that the minimum requirement for 
adequate general ventilation is an air sup- 
ply yielding 500 cu. ft. of air per minute 
per man underground. It is important to 
note, however, that to effect better ven- 
tilation control this quantity must be sup- 
plemented in accordance with the type of 
mining employed. In the radial top-slice 
method, for example, the mining was done 
in small tunnel-like sub drifts which re- 
quired moderate volumes of ventilation. As 
the size of the mining place increased, cor- 
respondingly larger volumes of air were 
necessary. The stope systems of mining 


required the largest ventilation volumes. 

Twenty-four mines in this same area 
were re-examined in 1949. Similar employ- 
ment and ventilation data were obtained 
and are presented in Table II. Changes in 
mining methods had occurred during the 
six-year interval. Relatively few mines had 
retained the radial top-slice system. Of 
most importance, mine operators had given 
added attention to providing increased ven- 
tilation volumes. Where in 1943, 40% of 
the mines had ventilation supplies of 400 
cu.ft. per man and less, in 1949 all mines 
had in excess of this amount. 

Similar observations conducted in other 
metal mines throughout this country have 
substantiated the requirement of 500 cubic 
feet per minute per man underground as 
a practicable minimum and that this value 
must necessarily be raised for the large 
open stope mine or in mines where heat is 
a factor. 


TABLE II. 
CLASSIFICATION OF 24 MECHANICALLY VENTILATED UNDERGROUND IRON-ORE MINES 
OF TABLE I GROUP 
By Number of Men Employed and Ventilation Conditions in 1949 


Range and Median Values of Each Group 


Number of Cu. Ft. per No. Miners 
Men per Total Mine Cu. Ft. per Min. per Man Men 
Type of Number Underground Volume, Cu. Ft. Min per Miner per Underground Underground 
Mining Mines Shift (1) per Minute per Shift Shift (1) 
Sublevel 11 35——286 17,000-—130,000 800—2,400 400—1,100 42—.79 
Stope 62 40,000 1,200 650 63 
Sublevel 13 20—230 18,000—200,000 830—3,140 400—1,750 .38—.72 
Cave 105 60,000 1,000 580 57 
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Ventilation of Main Drift Developments 
ie DEVELOPMENT workings the common 
practice was to supply the areas with 
a sufficient volume of clean air to dilute 
the dust generated by the mining oper- 
ations and render the resulting air con- 
ditions innocuous. Frequent tests have 
indicated that when supplemented by wet 
drilling and the copious use of water on the 
sides and muck pile during loading, a sup- 
ply of not less than 2,000 cubic feet per 
minute of fresh air to the face of an aver- 
age eight by ten foot drift was sufficient 
to reduce dust concentrations in most in- 
stances to about five millions of particles 
per cubic foot of air. The few exceptions 
experienced, were in workings in rocks of 
a very fine-grained character as sandstone 
and shale. 

In drifts of larger cross-section the quan- 
tity of air supply was calculated to pro- 
duce a velocity of air flow of about 30 feet, 
per minute across the drift area. In such 
instances a delivery of 3,000 cubic feet 
per minute was the minimum. These ven- 
tilation rates were suggested for all com- 
mon drifting operations irrespective of 
the free silica content of the rock or ore. 
It will be noted that such rates are some- 
what less than those used in large-diameter 
tunnel work where air flows equivalent to 
velocities of 40 or 50 feet per minute have 
been reported. 

Auxiliary ventilation systems for devel- 


opment mining were of two general types. 
The most common plan was to place the 
fan unit in a fresh air course and force 
the air into the working area through 
sheet metal or spiral-weld pipe. The pipe 
discharge outlet was maintained within 
60 to 90 feet of the working face. Reversi- 
ble fan arrangements have been employed 
only to a limited extent. The disadvantages 
of this method are that the system is lim- 
ited to the use of a single fan. The re- 
versing dampers must be located close to 
the unit at a point where excessive re- 
sistance and air leakage are developed. 
Most important, during the exhaust cycle 
the inside pipe surfaces become coated with 
dust which is then blown back into the 
work area as the fan is reversed. The 
method proving most satisfactory has been 
a main exhaust system supplemented by a 
blower unit. 

The exhaust fan and piping is installed 
with the suction inlet in the mining area 
located usually about 200 feet back from 
the mining activity. A smaller pressure- | 
fan unit attached to about 200 feet of 
ventubing is placed on the opposite side of 
the drift to ventilate the working face. 
The blowing fan is kept on the fresh 
air side of the suction unit. This method 
requires additional equipment but it has 
the important advantage that the blasting 
smoke and dust created by the mining 
operations is exhausted directly from the 
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work area. The major part of the drift 


development is kept entirely in fresh air. 


General work can go on after blasting while 
the smoke is being cleared from the face. 
The effectiveness of these current dust 
control procedures is illustrated and com- 
pared to the results of former methods in 
Fig. 1. In 1934 a large group of under- 
ground iron-ore mines established a dust 
control program with the aid of the Sara- 
nac Laboratory. Dust counts obtained in 
main drift development working in rock 
in 12 mines during the period from 1934 
to 1949 are shown on the right side of 
the chart. These particular mines were 
chosen only because records of these data 
were available. The magnitude of the dust 
levels as millions of particles per cubic foot 
of air are plotted as ordinates. The time 
of observation is along the abscissa. Dust 
counts averaged for four-month intervals 
are shown as the irregular solid line. The 
broken line indicates the trend of the same 
counts averaged for yearly intervals. 

The program in 1934 initiated wet drill- 
ing as a requisite. Spraying the work- 
places and muckpiles with water during 
loading, the wearing of air-line respira- 
tors, regulated blasting and moderate ven- 
tilation control were practiced. These pro- 
cedures continued with some improvement 
until about 1939. Increased need for ore 
at this time demanded accelerated pro- 
duction rates. Ventilation methods were 
improved and volumes of air _ supply 
throughout the mines substantially raised. 

The result was a sharp decrease in 
dust levels as shown by the broken line 
on the chart from about 15 millions of 
particles per cubic foot to about seven 
millions in 1941. Continued improvements 
in ventilation further decreased dust levels 
to where they currently meet the permis- 
sible level of 5 m.p.p. cu. ft. which had 
been set for developments in rock. 

We have extended the left side of this 
chart to approximate the dust levels which 
probably existed in this type of work dur- 
ing the period from 1900 to 1934. 

The first hammer-type drills equipped 
with hollow steel rods for drifting work 
were introduced into the mines of this 
group in 1912. The drilling was done dry. 
Shaft sinkers and stoper drills followed 
in the next eight years. We were advised 
by local mining men that drilling from 


INDUSTRIAL HYGIENE QUARTERLY 


Page 205 


1900 to 1920 was done dry. From then 
until 1934 the use of water for drilling was 
possible, but as the suppression of dust 
was of secondary importance the value of 
water as a dust allaying device undoubtedly 
was only partly exploited. 

Dust level trends of this type have been 
observed in other mines. Pneumatic drill- 
ing equipment was introduced in different 
mining sections of this country at about 
the times shown on the chart. Average 
dust levels for a period of several years 
during the early days of drilling were 
probably not less than 50 million particles 
per cubic foot. Dustiness was decreased 
rapidly by the use of wet drilling, then 
correspondingly lowered as the result of 
improvements in other control methods. 

A further important fact revealed by 
this chart is an estimate of the possible 
dust exposure experience of men who have 
worked in mining as a major occupation 
for periods of 20 years or longer. The 
chest or respiratory conditions of many 
of these men undoubtedly have been in- 
fluenced by the heavy dust exposures en- 
countered during their early days of work. 
The essential problem for the industrial 
hygienist to decide when evaluating the 
effectiveness of current environmental con- 
ditions or control practices, is whether the 
chest changes in these older men are due 
to present conditions of work or are pro- 
gressions of past influences. 


Summary 
IN THE foregoing presentation factors 
were discussed which we believe are sig- 
nificant in the control of certain hazards 
to health associated with underground 
metal mining. Essential functions of the 
methods outlined are to prevent the de- 
velopment of new cases of dust disease 
and to protect old workers who have al- 
ready acquired some dust reaction result- 
ing from previous exposure, from further 
progression of their condition. 

Current ventilation standards derived 
from long experience in a number of metal 
mines have been presented. Their pur- 
pose is to aid adequate suppression of dusts 
and insure efficient general mine ventilation. 

The dust level trends reviewed do not 
represent the findings from any one mine, 
but are the composite data of several dif- 
ferent enterprises. 


Stack Gas Cleaning 
MELVIN W. FIRST, Sc.D., 


Research Associate, 
Harvard School of Public Health, 
Boston, Massachusetts 


HE SUBJECT of this paper will be that 

phase of gas cleaning which is con- 
cerned with the elimination of particulates 
from stack effluents. 

Drinker and Hatch! stated the dilemma 
inherent in air cleaning devices in the fol- 
lowing terms: “The removal of dust from 
air is made difficult by the fact that a 
suspension of fine dust dispersed in air 
constitutes a stable system which requires 
energy for its destruction. The necessary 
amount of energy increases with decreasing 
particle size. In their desire to develop 
so-called low-resistance cleaning devices, 
many designers have lost sight of this fact 
and, as a result, have sacrificed efficiency 
of operation for lower power consumption.” 
These authors might, perhaps, have added 
a further caution to the effect that in their 
desire to develop the ultimate in dust re- 
moval, many designers have lost sight of 
basic principles and practices developed 
over a period of many years and have 
sacrificed economy and sound engineering 
for results which have not justified the 
means. 

Removal of particulate material has been 
accomplished principally by application of 
the following physical forces and methods: 
(1) Inertial forces, (2) Filtration, (3) Wet 
Scrubbing, and (4) Electrostatic forces. 
This does not exhaust the available methods 
by which dust may be separated from an 
aerosol. Other methods, such as thermal 
precipitation, are known to be effective, 
but as no practical ways of applying them 
to large scale operations have been dis- 
covered they will not be discussed. The gas 
- cleaning methods just listed will be re- 
viewed with reference to specific devices, 
and the aerosols for which each of these 
devices is most effective will be indicated. 


A Contribution from the Air Cleaning Laboratory of 
the Harvard School of Public Health, operating under 
Contract Number AT(30-1)841 with the U.S. Atomic 
Energy Commission. The opinions expressed here are 
those of the author and do not necessarily reflect the 
views of the Atomic Energy Commission. 


Particle Conditioning 
Mé4s¥ SIMPLE devices give excellent re- 
sults for particles greater than 5 to 
10 microns in size but are ineffective for 
the finest dusts and mists. Considerable 
effort has been applied to the investigation 
of methods for increasing the effective size 
of fine particles. This has been termed 
“particle conditioning.” The obvious ad- 
vantage to be gained by particle condition- 
ing is effective use of cheap, less efficient 
types of air cleaners for the removal of 
very fine particles. Inasmuch as particle 
conditioning techniques often require ex- 
pensive equipment and large expenditures 
of energy, the net result may be an actual 
increase in complexity, cost and energy 
requirements for the system as a whole 
over what would be required by a more 
efficient collection method without the use 
of particle conditioning. It is desirable 
that particle conditioning and particle col- 
lection be clearly differentiated. 

Particle size may be increased by spon- 
taneous and induced agglomeration, a pro- 
cess whereby two or more particles, not 
necessarily of the same material, make 
physical contact and stick together. The 
many factors influencing the rate and ex- 
tent of aggregation of aerosols are dis- 
cussed in detail in publications by Drinker 
and Hatch,' Whytlaw-Gray and Patterson,” 
Gibbs* and others. Their findings indicate 
that the following are important: 

I. Particle Characteristics: (a) size, (b) 
shape, (c) specific gravity, (d) surface ab- 
sorptive properties, (e) chemical compo- 
sition, and (f) electrostatic charge. 

II. Aerosol Characteristics: (a) Concen- 
tration (number and mass) of the partic- 
ulate material (loading), and (b) Temper- 
ature, pressure and viscosity of the gas. 

III. Characteristics of the Agglomerat- 
ing Forces Applied to the Aerosol: (a) agi- 
tation: (1) mechanical, (2) thermal, (3) 
sonic, (4) gravitational, and (b) electro- 
static charge. 
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Agglomeration of most metal fumes oc- 
curs spontaneously and with great rapidity. 
Freshly formed zinc fume, composed of 
particles less than a few tenths microns, 
exhibits vigorous Brownian Motion and 
collisions are frequent, especially if the air 
is sufficiently turbulent to produce some 
mixing. The initial rapid rate of agglomer- 
ation falls off due to decrease in number 
of particles and to cessation of Brownian 
Motion as the size of agglomerates in- 
creases. At this point, gravitational set- 
tling becomes effective and considerable 
fume may become separated from the 
aerosol. Silvermant has observed during 
experiments involving the continuous pro- 
duction of welding fume in a closed cham- 
ber that the fume concentration in the 
air will not exceed about 600 mg./cubic 
meter of air regardless of rate or duration 
of production. At this air concentration the 
rate of production of fume is balanced by 
the rate of removal by agglomeration and 
gravitational settling. This simple example 
illustrates particle conditioning (agglomer- 
ation induced by vigorous Brownian Mo- 
tion) and particle senaration (gravita- 
tional settling). Agglomeration in itself 
produces no decrease in the dust concen- 
tration of the aerosol, but may make possi- 
ble the effective use of a separating method 
which would otherwise be totally ineffec- 
tive. 

Two examples of induced agglomeration 
will serve to further illustrate particle con- 
ditioning: 

1. Johnstone® and his co-workers have 
developed a particle conditioning device 
known as the Venturi scrubber. Air at 
very high velocities (20,000 fpm) is drawn 
through a Venturi throat into which is 
injected solid streams of water. The high 
velocity air disperses the liquid into a fine 
mist, and dust particles present in the air 
stream agglomerate with liquid droplets 
through impaction, condensation around 
the dust nuclei and by diffusion, effectively 
increasing the size and mass of the original 
particles. Following the Venturi scrubber, 
some device such as a wet centrifugal type 
separator (which would be rather ineffec- 
tive on the original dust) can be used suc- 
cessfully to separate the resulting ag- 
glomerates from the air stream. Excellent 
results on many fine particles have been 
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reported. For some materials, such as zinc 
oxide that are difficult to wet, the Venturi 
scrubber appears to be less effective. The 
use of this conditioning device is somewhat 
limited by its large energy requirements: 
a pressure drop of 15 to 20 inches of water 
gage. Most commercial air cleaners oper- 
ate at two to four inches. 

2. St. Clair,* Danser? and others report 
that aerosols may be rapidly agglomerated 
by intense-high frequency sound waves. 
The more important factors causing sonic 
agglomeration are: (a) co-vibration of 
particles in a vibrating gas, (b) attractive 
and repulsive hydrodynamic forces between 
neighboring particles and (c) radiation 
pressure. Particle concentration is of great 
importance since if particles are too widely 
separated in the gas, an adequate degree 
of agglomeration may not be achieved. 
One grain per cubic foot is estimated to be 
the smallest effective concentration for 
sizes ranging from 1 to 10 microns. When 
the normal grain loading is too small, water, 
steam or some other liquid may be sprayed 
into the aerosol (or a second aerosol may 
be added to the first) to exceed the criti- 
cal value. Although it is possible with great 
sonic intensity and long retention time to 
produce flocs of such size that gravitational 
settling becomes an effective separating 
mechanism, the equipment necessary to 
handle a reasonable quantity of gas by this 
method becomes excessive and the usual 
procedure is to produce flocs of 10 microns 
and larger that can be separated by effi- 
cient designs of cyclone dust collectors. 
While visual observation of the clearing 
of a dense aerosol by sonic agglomeration 
is most dramatic, there has been, to date, 
little use of this principal in industrial 
practice due to the difficulties of applying 
it to large air volumes and continuous oper- 
ations. 

These examples indicate some of the 
methods of particle conditioning and illus- 
trate the relationship between particle con- 
ditioning and particle collection. The re- 
mainder of the discussion will cover par- 
ticle separation and collecting devices. 


Separation by Inertial Forces 

A PARTICLE in a gravitational field of force 
will settle at a constant velocity given 

by Stokes’ law (Equation No. 1): 
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where V,,= terminal settling velocity 
(feet per second) 
g= acceleration of gravity (feet 
per second per second) 

Per Pa = density of solid and gas, re- 
spectively (pounds per 
cubic foot 

d= particle diameter (feet) 
p. = absolute viscosity of the gas 
(pounds per second per 
foot) 

This equation is correct for spheres be- 
tween 1 and 100 microns in diameter and 
has been shown to hold quite wel! for par- 
ticles whose shape is somewhat different 
. from spherical. Gravitational settling is an 
effective gas cleaning method for large 
particles only. For example, a 50 micron 
sphere of unit density settles in still air 
at the Stokes’ law rate of 40 feet per min- 
ute. Since a settling chamber for continu- 
ous operation must of necessity contain a 
moving air stream, true settling velocity 
will probably be decreased by a factor of 
two. To handle a reasonable quantity of 
air, settling chambers must be made very 
large and are subject to convection cur- 
rents which tend to re-suspend the fine 
dusts. To remove 50 micron mineral par- 
ticles from 6,000 cubic feet of gas per 
minute, a settling chamber approximately 
seven feet high, 14 feet wide and 21 feet 

long is needed. 

If the gravitational force in Stokes’ 
equation is replaced by a centrifugal ac- 
celeration equal to V,*/R, where V, is the 
tangential velocity (feet per second) and R 
is the radius of curvature (feet), the in- 
stantaneous radial velocity, Vp, imparted 
to the particle becomes (Equation No. 2): 

Vr V,? (ps p,) da 
18R 
It has been demonstrated that sub-sieve 
size particles reach their terminal velocity 
almost as soon as they are acted on by 
a centrifugal field and no appreciable error 
is introduced by neglecting the initial brief 
acceleration of the particle. For practical 
application to small particles the tangential 
velocity of the particle may be taken as 
equal to the tangential air stream velocity. 
If aerosol particles are given a sufficiently 
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high centrifugal acceleration by a sudden 
or continuous change in the direction of 
flow, they acquire a radial velocity com- 
ponent that produces movement across 
streamlines to a collecting surface where 
they can be removed. Dust collecting equip- 
ment employing this principle may take 
various forms such as impingers, impac- 
tors or centrifugal separators. These are 
often very efficient for large particles but 
are usually less effective for particles under 
5 to 10 microns in diameter. 

Equation 2 indicates that radial velocity 
is increased and separation efficiency im- 
proved by increase in tangential velocity 
and decrease in the radius of curvature 
of the air stream. 

So-called impingement and impaction 
types of inertial dust collectors have been 
used to some extent for gas cleaning but 
by far the greatest number of collectors 
of this class, and indeed the most com- 
monly used industrial dust collector of all, 
is the cyclone. Cyclones find wide appli- 
cation in forms ranging from multiple 
banks of one inch tubes to single units 
up to 15 and 20 feet in diameter. 

In the simple tangential inlet cyclone col- 
lector the path of the conveying gas is 
unimpeded, traveling spirally downward 
from a tangential inlet and then upward 
to a central exit. The particulate matter 
is thrown out of the gas stream radially 
by centrifugal force, arrested in the slow- 
moving gas layer at the cuter cyclone wall 
and directed downward into a collecting 
bin. 

In attempts to improve their effective- 
ness, many modifications of the simple cy- 
clone have been proposed. These include 
specially designed inlets, stationary or ro- 
tating internal parts and modified outlets, 
to mention but a few, yet in spite of in- 
tricate design these modified cyclones have 
not, in general, given results economically 
superior to well designed simple cyclones. 

Cyclone performance is evaluated in 
terms of energy requirements, cleaning ef- 
ficiency and cost of equipment maintenance. 

Energy loss of rectangular inlet cyclones 
can be estimated from the following form- 
ula (Equation No. 3): 


A P = 0.0027 
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where /A P=energy loss (inches of water 
gage) 
Q= flow rate (cubic feet per 
second ) 
e= exit duct diameter (feet) 
b, h= inlet width and height, re- 
spectively (feet) 
L, H= height of cylinder and cone, 
respectively (feet) 
D=cyclone cylinder diameter 
(feet ) 
k=a dimensionless factor de- 
scriptive of cyclone inlet 
vanes and having a value 
of 0.5 for cyclones with- 
out inlet vanes, 1.0 for in- 
let vanes that do not ex- 
pand entering air stream 
or extend to exit duct 
wall, and 2.0 for inlet 
vanes which extend across 
entire annular space. 
In terms of number of inlet velocity heads 
(F) the energy loss formula becomes 
(Equation No. 


This formula has only the physical 
dimensions of the cyclone and indicates 
that all geometrically similar cyclones have 
the same energy loss for equal entry ve- 
locity. The physical basis for this equation 
is the observation that the flow pattern in 
all geometrically similar cyclones is iden- 
tical. 

Cyclones may be used to effectively re- 
duce the load on a more efficient air clean- 
ing device such as a filter, permitting 
smaller installations and more effective 
operation. Cyclones are most frequently 
used to remove the bulk of coarse dust and 
often this satisfies the air cleaning re- 
quirements for innocuous materials. Cy- 
clones of this type may operate at pressure 
losses of one to two inches of water. High 
efficiency cyclones operate at energy losses 
up to five inches of water and are charac- 
terized by their small diameter, usually 
less than 12 inches. Adequate capacity is 
achieved by multiple banks of small units 
in parallel. Cyclones in series are seldom 
justified. Efficiencies close to 100 per cent 
can be expected with miniature cyclones on 
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particle sizes down to five microns, where- 
as larger units seldom do well on particles 
less than 10 microns in size. 

The purchase cost of simple, single unit 
cyclones is less than 10 cents per cubic 
foot per minute of air handled, but very 
small diameter multiple units, because of 
heavier construction and more _ intricate 
design, will generally cost about five times 
as much. Maintenance costs are generally 
low except when handling abrasive dusts 
or corrosive gases. 


Gas Filtration 

ILTRATION of aerosols may be accom- 

plished by two methods.® In one, the 
filter material acts initially as a reasonably 
high efficiency filter but is primarily in- 
tended to provide a support for the rapid 
building up of a layer of aerosol particles 
which then acts as a very high efficiency 
filter. Resistance increases as the layer of 
particles increases and there is some pene- 
tration of the fibers of the filter. When 
the resistance reaches a_ pre-determined 
level, the filter cake is removed and the 
cycle repeated. After penetration of par- 
ticles into the pores of the filter material 
the resistance, even after cleaning, is usu- 
ally somewhat higher than it was initially. 
In the other type, the filter material itself 
acts as the removal medium and the com- 
position and nature of the filter are im- 
portant. This type of filter can seldom 
be cleaned successfully and when the re- 
sistance reaches a certain level the filter 
is discarded. Two forms may be distin- 
guished, (1) very high efficiency, high re- 
sistance, low capacity filter papers such as 
the cellulose and asbestos filter media!! and 
(2) poor to high efficiency, low resistance, 
high capacity deep-bed fibrous filters such 
as the fine glass fiber filters used as pre- 
cleaners for high efficiency papers. In both, 
plugging of the filter with accumulated 
aerosol particles results in somewhat in- 
creased efficiency and in the case of the 
high efficiency papers, in greatly increased 
pressure drop. 

Removal of particles from aerosols by 
filtration takes place by a variety of me- 
chanisms depending upon the size and 
character of the particles. Since the pores 
of filters are many times larger than the 
material they remove, it is evident that 
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mechanical sieving is of little importance 
in gas cleaning except when a bed of the 
material being removed is built up on the 
surface. In this latter case sieving does 
assume some importance, and filtration 
through a bed composed of the material 
to be removed from the air has been found 
to be a very efficient method of gas clean- 
ing. 

Particles greater than two microns are 
removed principally by impingement, set- 
tling and inertial forces. Considering the 
manner in which flow takes place through 
a fibrous bed, it has been concluded that 
the streamlines bend around the fiber. 
Small particles tend to follow the stream- 
lines of the gas and be carried around the 
surfaces of the fiber. Large, heavy parti- 
cles traveling at high velocity will not fol- 
low the sudden bending but will tend to 
continue in a direct course and make con- 
tact with the fiber. The stream tube within 
which all particles greater than one to two 
microns will make contact with the fiber 
is the effective diameter. Effective diameter 
is always less than the true diameter. 
Direct interception plays a part for larger 
particles and the effective diameter must 
then be increased by an amount equal to 
the diameter of the particle. Gravitational 
settling becomes important if the particle 
has an appreciable Stokes’ law settling 
rate. In this case its path will no longer 
coincide with any particular streamline in 
the air flow, and deposition of particles 
on fibers will occur as the aerosol pene- 
trates the filter bed. The rate of deposition 
by gravitational settling is independent of 
flow through the filter bed, but inertial ef- 
fects are improved by increased flow rate. 
Rodebush!? has shown that the distance a 
particle will penetrate a gas before being 
brought to rest by the viscous forces is 
directly proportional to its initial velocity 
and the square of its diameter. 

Particles between one and two microns 
tend to follow the streamlines around the 
fiber. At the poles of the fiber stream- 
lines are crowded close to the surface and 
particles in this size range are sufficiently 
large to make streamlined contact with the 
fiber. 

Particles below one micron in size are 
effectively filtered by diffusional and elec- 
trostatic forces. When particles are so 
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small that they compare in size with the 
mean free path of the gas molecules, their 
Brownian Motion is violent and collisions 
with neighboring surfaces are frequent. 
The surfaces of the fibers in a filter add 
up to a large area so that the number of 
collisions is very great. Particles adhere 
to the fibers by intermolecular forces of 
the type known as Van der Waals forces 
which are effective over the surface of in- 
timate contact between the particle and 
fiber. That this mechanism of particle col- 
lection is different from that of inertial 
forces and streamlined contact is evident 
from the observation that filtration of fine 
particles is adversely affected by increased 
velocity through the median. In addition, 
efficiency of deposition by diffusion is in- 
versely proportional to particle diameter. 

Electrostatic attraction between filter 
fibers and very fine particles plays an im- 
portant role in high removal efficiencies 
exhibited by resin wool fibers. By carding 
powdered resin into the wool fibers a very 
high electrostatic charge is created. This 
charge persists for long periods but is ad- 
versely affected by wetting. Efficient fil- 
tration is not confined to particles carrying 
an electric charge of a certain sign since 
the resin particles are negatively charged 
and a compensating positive charge is in- 
duced on the ground fibers. Particles usu- 
ally found in aerosols carry .only small 
or zero charges so that breakdown of fil- 
ters by negatively charged particles would 
be unlikely. 

Fiber diameter is an important filter 
characteristic. For a given density of 
packing, finer fibers give a bed of greater 
surface area. This greatly improves the 
opportunities for capture of particles by 
diffusion and electrostatic attraction. In 
addition, decreasing the fiber diameter de- 
creases the radius of curvature of stream- 
lines around it, and results in more ef- 
fective impaction and streamlined contact. 

All of the above separating forces oper- 
ate simultaneously during filtration of 
disperse dusts. Often, however, the charac- 
teristics of the particles as well as the de- 
sired degree of cleaning dictate the ad- 
visability of arranging matters to favor 
the action of one separating force over 
the others. 

Flow through filters is generally stream- 
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lined and resistance is directly related to 
velocity and filter thickness by the follow- 
ing general equation (Equation No. 5): 


A- P= 
where A P=pressure drop (inches of 
water ) 


V=velocity (feet per second) 

x = bed thickness (feet) 
and the coefficient K must be evaluated 
in terms of filter porosity; usually by em- 
pirical methods. Transitional and turbu- 
lent flow may take place in loosely packed 
fibrous filters operated at high flow rates. 
Equation 5 must then be modified accord- 
ingly. 

In contrast to compacted or calendered 
fibers such as paper or felt, filters com- 
posed of a deep bed (one to four inches) 
of loosely packed fibers of spun glass, 
metal, rock wool or similar materials have 
low initial resistance in the neighborhood 
of 0.2 inches of water at rated capacity 
up to 400 feet per minute face velocity. 
These are generally cheap enough to be 
thrown away when dirty, although some 
commercial types can be cleaned. Deep 
bed filters can be made quite efficient by 
increasing the density of packing and de- 
creasing the fiber diameter, but resistance 
increases with increase in efficiency. Low 
resistance fibrous filters are used princi- 
pally in air conditioning and ventilating 
systems where they remove up to 50% of 
atmospheric dust by count. On a weight 
basis, efficiency is generally somewhat 
higher since only the larger particles will 
be removed; generally those greater than 
one to two microns. The life of the filter 
for this type of service is generally three 
to 12 months with normal atmospheric dust 
loadings of 0.2 to 0.5 grains per 1000 
cubic feet of air. This type filter has 
considerable capacity for storing separated 
dust without excessive increase in pres- 
sure drop. Filters of this type cost about 
one cent per cubic foot per minute of 


- rated capacity and are often used as pre- 


filters or roughing filters to decrease the 
dust load on more efficient cleaners such 
as electrostatic precipitators. 

Industrial air cleaning filters are gen- 
erally made of woven or felted cotton and 
wool fibers constructed in the shape of 
tubes, bags, or screens. The initial effi- 


ciency of the cloth is generally greater 
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than 90%, and efficiencies greater than 
99% are usually obtained after the cloth 
has become plugged and a filter bed has 
been built up on the surface (generally 
but a few minutes under usual industrial 
loadings). Rated velocity through the cloth 
is between 10 and 50 feet per minute and 
initial cloth resistance is generally less 
than 0.5 inches of water. As the bed of 
filtered material accumulates, resistance in- 
creases and air volume decreases. Systems 
of this type are designed to operate to 
a pressure drop of two to four inches of 
water, after which the filter must be 
cleaned. This is accomplished by shaking, 
beating or otherwise dislodging the ac- 
cumulated cake from the cloth and allow- 
ing it to fall into collecting bins. During 
the cleaning period the air flow must be 
cut off, necessitating standby units or an 
installation large enough to operate over 
the entire working period. Some _ tube 
filters are provided with traversing rings 
which move up and down the tube and 
automatically and continuously remove the 
accumulated filter bed by a reverse jet of 
air. By this means, cloth resistance can be 
maintained at a nearly constant value and 
cleaning efficiency also tends to remain con- 
stant in contrast to the units which are 
cleaned periodically. In the latter, effi- 
ciency increases as the bed accumulates 
and decreases after cleaning. The cost of 
filters of this type is 20 cents to one dollar 
per CFM, depending on size and mechani- 
cal features for automatic cleaning. Hot 
gases will weaken and destroy the fibers 
and moisture and oily, sticky particles will 
plug the filter. 

The new cellulose and asbestos fiber fil- 
ters come closer to being absolute filters 
than any other type of air cleaning device 
commercially available.!! Less than 0.02% 
of dust in the size range 0.2 to 1.0 micron 
is passed by these filters when new, and 
efficiency improves rapidly with further 
use and remains at this high level until 
the dust load becomes so excessive that 
the units must be replaced. The initial re- 
sistance of the paper is about one inch of 
water gage for rated face velocities of five 
to six feet per minute, and the filter may 
be operated up to a resistance of six inches. 
Resistance increases rapidly with dust build 
up and the service life of the paper is ex- 
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tended by means of pre-filters which may 
have to be renewed several times before the 
final filter is rendered useless.’ This type 
of cleaner, including housing, pre-filters and 
final cleaner, costs approximately one and 
a half dollars per CFM of rated capacity 
and replacement costs are relatively high. 
Moisture and acid gases will destroy the 
effectiveness of the paper and weaken the 
fibers sufficiently to cause holes and tears. 
Oily or greasy droplets and dusts will clog 
the pores of the paper and render it use- 
less. Filtering velocity is very low and 
large numbers of filters are needed for 
handling reasonably large volumes of air. 


Wet Scrubbers 


M°st SO-CALLED gas scrubbers combine 
water sprays with conventional centri- 
fugal and inertial type units and the im- 
provement in dust removal can be attributed 
to other mechanisms than actual scrubbing 
of the dust-laden gas. For example, in the 
wet cyclone, liquid droplets (usually water) 
are sprayed radially through the rotating 
gas, and dust particles may become wetted 
by impingement on water droplets and by 
Brownian diffusion. In the case of hot moist 
gases the water may lower the temperature 
of the gases sufficiently to cause consider- 
able condensation of liquid around dust par- 
ticles which act as nuclei. In both these 
examples the liquid acts as a _ particle 
conditioner, making possible greater col- 
lection efficiency from the mechanical col- 
lector. True scrubbing may be accomplished 
by so thoroughly dispersing the gas in a 
liquid medium that the thickness of the gas 
elements approaches that of the particles 
to be separated. Under these conditions 
particles will. migrate under the influence 
of diffusion and Stokes’ settling to the 
water phase. Equipment capable of this 
type of cleaning is similar to the Theisen 
disintegrator and consumes about 10 HP 
per 1,000 CFM of gas. Conventional packed 
absorption towers and impingement type 
scrubbers are generally ineffective for small 
particles and suffer from plugging due to 
dust build up on the packing and plates. 
Air washers of the type used for air con- 
ditioning effect little decrease in the dust 
content of gases. 
Wet methods have distinct advantages 
for the treatment of hot gases such as fur- 
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nace effluents. Not only can the dust load- 
ing be reduced significantly but, by suf- 
ficient water treatment, the gases can be 
cooled to ambient temperatures. This 
greatly reduces the load on the fan and 
permits additional treatment, when neces- 
sary, by filtration devices which are not 
capable of withstanding high temperatures. 
In some cases disposal of the collected dust 
in the form of a slurry may be advan- 
tageous; while in others it may prove suf- 
ficiently disadvantageous as to rule out this 
method of gas cleaning. 

The simpler types of scrubbers (gas 
washers, cyclones and impingement scrub- 
bers) are not effective for particles below 
five microns. They operate at pressure 
drops ranging from two to eight inches 
of water and cost up to a dollar per CFM. 
Gas capacity is about the same as similar 
dry-types of collectors. The more efficient 
types of wet collectors are effective for 
particles down to one micron. They operate 
at pressure drops up to 20 inches of water 
and generally cost one dollar per CFM or 
more. 


Electrostatic Precipitators 


(COLLECTION efficiencies on the order of 

99.9% can be obtained with electro- 
static precipitators on dusts below five 
microns. They can be used with wet gases, 
at temperatures up to 1200°F. and up to 
10 atmospheres pressure. Two types are 
in general use; the single stage in which 
ionization and collection are combined, and 
the two stage in which ionization is 
achieved in the first section of the equip- 
ment and collection in a following section. 
Single stage units operate at high voltages 
and give highest efficiency. Two stage units 
are used for ventilation air cleaning and 
operate at 90% efficiency or less. Single 
stage precipitators operate at potentials up 
to 100,000 volts DC while two stage units 
seldom exceed 13,000 volts in the ionizing 
section and 6,000 in the collecting section. 

Collection is effected by two forces: (1) 
ionization of particles and electrostatic at- 
traction to charged collecting plates and 
(2) ionic bombardment of the electric wind 
created by the corona discharge. Precipi- 


tators are usually operated at the highest 
possible voltage without sparking to obtain 
high particle charge and precipitating 
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field. Efficiency of collection is favorably 
affected by long retention time and close 
spacing between alternately charged plates. 

Electrostatic precipitators suffer from 
some serious disadvantages. The principal 
one being the possibility of resuspension of 
collected dust during spark discharges 
which may occur after excessive dust build 
up. Closely spaced collecting plates are dif- 
ficult to clean and if combustible materials 
are being collected, fires can be started by 
spark discharges. 

Gas velocities through the precipitator 
range from 200 to 600 feet per minute 
and the pressure drop is less than 0.5 inches 
of water. Single stage units range in cost 
from $0.75 to $2.50 per CFM while the 
two stage type seldom exceeds $0.50 per 
CFM. 


Gas Cleaning Problems 


RACTICAL GAS cleaning problems present 
so great a variety of situations that no 
set of specific rules can be laid down for 
their solution. For example, particle size 
and particle characteristics are seldom ex- 
actly duplicated even in the same general 
types of operation; the degree of gas clean- 
ing economically desirable, or required by 
reason of health and safety, will vary with 
the nature of the material, the population 
density of the surrounding community, 
height of the discharge stack and the mone- 
tary value of the exhaust; methods avail- 
able for recovery or disposal of the col- 
lected material may dictate the use of wet 
or dry collectors; high gas temperatures 
will rule out the use of cloth and paper 
filters; and combustible dusts and mists 
may make the use of electrostatic precipi- 
tators impossible. The above illustrates but 
a few of the factors that influence the 
selection of air cleaning devices. Never- 
theless, in spite of the multiple variables, 
experience has indicated a few general 
principles and methods of procedure that 
should be heeded. 

Certainly the first things to be learned 
are (1) the quantities and nature of the 
materials to be removed and (2) the de- 
gree of cleaning to be achieved. This in- 
formation indicates the extent of the prob- 
lem and sets the standards for the finished 
product. Most industrial gas cleaning prob- 
lems resolve themselves into a choice of a 
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single device which will produce the de- 
sired result at the cheapest cost. Some 
problems, however, are more complex and 
the purity standards for the effluent air 
exceptionally high. Satisfactory results can 
often be achieved only by the application 
of multiple air cleaners in series. For such 
applications there has been a tendency in 
some instances to rely on “safety in num- 
bers” in preference to sound engineering. 
The results have been impressive in their 
failure. 

If an aerosol contained particles of ab- 
solutely uniform size, and if natural ag- 
glomerative forces could be entirely elimi- 
nated, identical air cleaners in series would, 
in accordance with theory, remove a sub- 
stantially constant percentage of the enter- 
ing material. On this basis, if one unit 
were capable of removing 80% of the origi- 
nal material, three such units in series 
should remove better than 99% of the en- 
tering load. Experiments measuring the 
filtering efficiency of multiple layers of fib- 
rous filter media against tobacco smoke 
(an aerosol consisting of uniform particles 
0.3 micron in size) confirm this principle. 
Neither of these assumptions (uniform 
size and absence of agglomeration) is apt 
to be true in practice. Most aerosols con- 
tain a wide range of particle sizes and 
for this situation an air cleaner operating 
at 80% efficiency will remove the largest 
particles at close to 100% efficiency and 
the smallest particles at close to zero effi- 
ciency. As a consequence, material pene- 
trating the first unit of the series contains 
few particles of a size that can be removed 
by succeeding units, and particles too small 
to be caught in the first unit will pass all 
subsequent similar units. In addition, ag- 
glomeration of particles, of great assis- 
tance in particle collection, is most likely 
to occur in, or prior to, the first unit 
where the particle concentration is greatest 
and the distance between particles the 
least. For these reasons, air cleaners with 
roughly the same characteristics and re- 
moval efficiency should not be used in series. 
It may be concluded from this that placing 
a less efficient air cleaning device down- 
stream of a more efficient one is futile. 

Due to the great toxicity of many of 
the materials handled in AEC installations 
and AEC contract plants, great reliance 
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has been placed on cellulose and asbestos 
paper filters.11 The limitations of this 
medium (sensitivity to moisture and heat, 
low flow rate and high resistance) have 
already been pointed out. In spite of these 
disadvantages, materials of this type have 
been doing a good job under proper con- 
ditions of use. To lengthen the service life 
of the paper, it should be preceded by some 
type of roughing filter. This usually takes 
the form of a deep bed filter composed of 
fine, densely packed glass fibers which re- 
move up to 90% of the entering dust load. 
If the aerosol dust loading is heavy, the 
fiber filter should in turn be preceded by 
some device which will remove the major 
bulk of the material. This may be ac- 
complished by a dry cyclone; preferably 
a high efficiency type, to decrease as much 
as possible the load on the fiber pre-filter. 

In the treatment of hot furnace effluents, 
it will be necessary to cool the gases be- 
fore passing them through the paper filter. 
This may be done conveniently by a wet 
scrubber or wet cyclone. Efficient collectors 
of this type will cool the gases to close to 
ambient temperature and will remove al- 
most all material greater than ten microns, 
plus an appreciable number of particles be- 
tween two and 10 microns. Prior to final 
filtration, the moist gases must be heated 
to eliminate water droplets and prevent 
condensation in the filter. In those cases 
where incombustible filters are objection- 
able, cotton fibers can be substituted for 
the fiber glass pre-filters. In this hypo- 
thetical system for the cleaning of hot 
furnace gases it will be noted that in step 
one, the gases are cooled and the bulk of 
the dust load is removed in a wet collector. 
In step two the gases are reheated to 
eliminate moisture in preparation for fil- 
tration. In step three all but the very finest 
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particles are removed by the fibrous, deep 
bed pre-filter, and, finally, in step four the 
remaining dust is removed by a very high 
efficiency cellulose and asbestos filter. This 
illustrates how air cleaners of different 
characteristics and efficiency may be effec- 
tively combined. When additional treat- 
ment is required for removal of gaseous 
constituents of the furnace effluent, this 
can most conveniently be accomplished after 
removal of the solids since fouling and 
plugging of gas absorption towers and 
columns has been a common experience 
when working with dirty gases. 

This discussion of air cleaning methods 
and devices may be summed up with the 
observation that the tools now available 
for the cleaning of stack effluents are ade- 
quate for the job when applied with sound 
engineering. Research, of which there is a 
great deal going on at the present time, 
will undoubtedly point the way to more 
effective and more efficient methods in the 
future. 
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Effectiveness of Gauze Respirator for Sulphuric Acid Mist 


ABRAHAM WALLACH, 
Director of Division of Industrial Hygiene, 
Montana State Board of Health 


N MAKING a study of the exposure of 

workers to sulphuric acid mist (con- 
taining zinc sulphate) in a zinc electro 
refinery, it was found that the general 
practice was to use a “home-made” respira- 
tor consisting of eight to 12 layers of or- 
dinary gauze, 28 to 30 mesh (number of 
square openings per linear inch), on a 
copper wire framework. 

Since this device had the advantages of 
minimizing (if not eliminating) the der- 
matitis problem caused at times by the 
standard respirator for acid mist, of having 
practically no noticeable resistance to 
breathing, and being much less expensive, 
various experiments were run to determine 
the filtering efficiency of the layers of gauze. 


Apparatus and Procedure 

CCORDING to Henderson and Haggard! 

an average adult male (while standing) 
breathes eight liters per minute (lpm.), 
while walking at two miles per hour 14 
Ipm., and during a slow run 43 lpm. The 
effective breathing cross section of the 
gauze device was 6.25 square inches. This 
meant that the air flow through the gauze 
during inspiration for various degrees of 
physical activity ranged from 2.5 to 4.5 
to 13.8 lpm. per square inch of gauze sur- 
face, since inspiration takes approximately 
half the time of breathing. 

To determine the efficiency of the gauze, 
two standard impingers were placed side 
by side under varying mist concentrations. 
(It was practically impossible to sample 
through the gauze itself while being worn 
by the worker. Also, the sampling rates 
necessary for significant samples would 
have materially affected the air flow 
through the gauze.) One impinger was 
used to determine the atmospheric con- 
tamination. To the other, a short-stemmed 
funnel—the bowl of which was covered 
with layers of gauze held in place with 
an elastic band—was connected in series 
by a short piece of rubber tubing, the glass 
stem being in direct contact with the en- 
trance of the impinger. To simulate the 


range of breathing conditions mentioned 
above, the air was passed at varying rates 
(0.8 to 1.1 cfm.) through funnels having 
different diameters on top. Aluminum 
guards, similar to those used with the mid- 
get impinger, were placed over the funnel 
mouth and the entrance of the impinger 
(used for air concentrations) to prevent 
possible contamination of the samples. 

Seventy to 90 ml. of water were used 
in the impingers. (Preliminary tests using 
two impingers in series showed a collecting 
efficiency of from 98.5 to 100 percent at 
the sampling rates used.) After sampling, 
the volume of liquid was made up to 100 
ml., 80 ml. of which were used for deter- 
mining the sulphuric acid and the re- 
mainder for zinc sulphate. The acid was 
determined by titrating with N/50 NaOH, 
first boiling out the carbon dioxide to in- 
sure a sharp end point. The zinc sulphate 
was determined by running zinc polaro- 
graphically,2 and calculating the equiva- 
lent weight of the zine salt. The funnel 
was washed with distilled water after each 
run, the washings falling into the impinger 
with which it was connected in series. (A 
number of tests showed that for 50 minute- 
sampling periods from 1 to 8% of the mist 
coming through the gauze clung to the 
bowl of the funnel.) 

The error of the acid determination 
ranged from 0.03 to 0.13 mg. per cm. of 
air depending upon the sampling period 
(20 to five minutes) and rate. In terms 
of affecting the accuracy of the gauze 
efficiency data, the maximum percentage 
error varied from 1.3 to 6.5% depending 
upon the sulphuric acid content of the air 
(10 to 2 mg. per cm.). The accuracy of 
the equivalent data relating to zine sul- 
phate was in the same range. The samp- 
ling accuracy (air flow) was + or — 3%. 

The tests were run in temperatures vary- 
ing from 54° to 68°F, relative humidity 
varying from 48 to 65%, and atmospheric 
pressure varying from 24.5 to 25 inches of 
mercury. 

To eliminate the possibility that the 
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gauze was treated with a_ significant 
amount of chemicals to neutralize the acid 
mist coming through, eight layers of 6 in. 
x 7 in. (about 6.5 times the effective breath- 
ing area of the respirator device) was 
soaked in water for thirty minutes and 
titrated. Less than 0.05 milliliters of fifti- 
eth normal sulphuric acid was needed. 


Experimental Results and Discussion 
LL TESTS were made in atmospheres con- 
taining sulphuric acid in concentrations 
greater than 1.0 mg. per cm. of air, the 
latest threshold limit adopted by the 
American Conference of Governmental In- 
dustrial Hygienists. Table I shows the 
data obtained by using eight layers of 
fresh gauze at the start of each run under 
varying conditions. 

The data are grouped arbitrarily in 
three sections according to acid mist con- 
centrations in the air: 0 to 3.9, 4.0 to 7.9, 
and 8.0+ mg. acid per cm. of air. Within 
each section the results are listed in order 
of rate of air flow through the gauze layers. 

An examination of Table I indicates the 
following: 

(a) In the main, there is a filtering 
efficiency of 90% or better in atmospheres 
of from 1.5 to 11 mg. acid mist per cm. of 
air. In all cases but one, the mist coming 
through the gauze contained less than the 
maximum allowable concentration for an 
eight-hour work day. 
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(b) Generally, the filtering efficiency on 
each run for acid and zinc sulphate re- 
spectively, check fairly well within limits 
of experimental error. However, there is 
a sharp discrepancy in runs No. 1 and 
No. 2. 

(c) There is no conclusive evidence of 
a correlation between filtering efficiency of 
the layers of gauze and mist concentration. 

(d) There is some evidence showing a 
higher collecting efficiency with an in- 
crease in air flow through the gauze. 

In order to follow the code set up by 
the National Bureau of Standards? for test- 
ing mechanical-filter respirators, starting 
with eight layers of fresh gauze, air con- 
taining 10 to 14 mg. acid per cm. was 
passed through the same pad of gauze for 
five successive periods, each lasting 50 
minutes. The tests would be an indication 
not only of the effectiveness of the gauze 
after four hours of usage, but also of the 
change of the filtering efficiency with time 
of use. Similar runs, but of much shorter 
duration, were made on gauze of 10 and 
6 layers respectively. The results obtained 
from this series of experiments are given 
in Table II. 

The above data indicate the following: 

(a) With eight layers, the filtering effi- 
ciency varies between 83.5 to almost 90% 
at acid concentrations of from 10 to 14 mg. 
per cm. of air. With ten layers, the effi- 
ciency is somewhat higher, 88 to 95% 


TABLE I. 


FILTERING EFFICIENCY OF EIGHT LAYERS FRESH GAUZE 
Sampling Air-flow 

Run time through gauze Sulphurie Acid Zine Sulphate 

No. (min. ) (pm/sa. in.) Air* Gauze* % through Air* Gauze* % through 
1 15 3.6 2.58 0.18 7.0 7.65 1.58 20.6 
2 15 5.4 1.43 < 0.05 < 3.5 7.50 0.93 12.4 
3 10 5.8 3.58 0.11 3.1 7.04 0.42 6.0 
4 10 5.8 3.50 0.07 2.0 6.51 0.60 9.2 
5 10 5.8 2.73 0.11 4.0 7.52 0.42 5.6 
6 15 10.8 2.36 < 0.05 2.1 6.22 0.31 5.0 
7 15 3.6 5.76 1.09 18.9 8.45 1.21 14.3 
8 15 3.6 5.15 0.75 14.6 8.25 1.32 16.0 
9 10 5.8 4.11 0.07 1.7 7.04 0.60 8.5 
10 20 5.8 5.66 0.35 6.2 11.55 0.69 5.9 
11 20 5.8 4.97 0.25 5.0 10.28 0.57 5.5 
12 20 5.8 4.35 0.25 5.8 10.28 0.57 5.5 
13 15 10.8 4.85 0.41 8.5 8.07 0.31 3.8 
14 15 12.1 6.94 0.62 8.9 9.37 0.23 2.5 
15 10 5.8 9.55 0.46 4.8 17.30 1.27 7.3 
16 10 5.8 8.18 0.49 6.0 14.40 1.45 10.0 
17 20 5.8 11.20 0.46 4.1 18.80 1.25 6.6 
18 20 5.8 9.45 0.54 5.7 18.10 1.06 5.9 
19 20 58 8.88 0.48 5.4 15.80 1.06 6.7 

*mg/cm. of contaminant in atmosphere or gone through gauze. 
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TABLE II. 
FILTERING EFFICIENCY OF SAME LAYERS OF GAUZE SUCCESSIVELY 


No. of Sampling Air-flow 


Run layers time through gauze Sulphuric Acid Zine Sulphate 

No. used (min.) (Ipm./sq. in.) Air* Gauze* % through Air* Gauze* % through 
20 Same 50 5.8 11.3 1.18 10.5 16.8 1.51 9.0 
21 8 layers 50 5.8 11.5 1.52 13.2 17.6 2.06 11.7 
22 through- 50 5.8 10.1 1.25 12.4 15.5 1.65 10.6 
23** out 50 5.8 10.5 1.73 16.5 15.9 2.23 14.0 
24 50 5.8 14.3 1.51 10.6 21.2 2.06 9.7 
25 Same 10 5.8 6.26 0.53 8.5 11.50 0.95 8.3 
26 10 layers 10 5.8 4.40 0.53 12.0 8.05 0.78 9.7 
27 through- 10 5.8 5.24 0.53 10.1 8.94 0.71 8.0 
28 out 10 5.8 5.24 0.46 8.8 9.52 0.60 6.3 
29 10 5.8 3.95 0.43 10.9 7.52 0.60 8.0 
30 10 5.8 5.24 0.22 4.2 8.94 0.60 6.7 
31 Same 15 4.8 6.89 1.31 19.0 ose 

32 6 layers 15 4.8 8.00 0.62 7.8 

33 through- 15 4.8 7.72 0.82 10.6 

34 out 15 4.8 6.10 1.19 19.5 

35 15 4.8 6.64 1.53 23.1 


*mg./em. of contaminant in atmosphere or gone through gauze. 
**crystals were visible on top of gauze after 2% hrs. sampling. 


***not analyzed. 


TABLE III. 
FILTERING EFFICIENCY OF EIGHT LAYERS DAMP USED GAUZE 


Time Sampling Air-flow 


Run gauze used time through gauze Sulphur Acid Zine Sulphate 

No. (hrs. ) (min.) (Ipm/sq. in.) Air* Gauze* through Air* Gauze* % through 
36 1.5 5 3.6 2.73 0.00 0.0 8.74 1.92 22.0 
37 1.0 10 11.2 2.00 < 9.04 < 2.0 8.63 0.63 7.3 
38 1.5 5 3.6 5.91 0.00 0.0 9.19 0.45 4.9 
39 2.0 5 5.8 5.24 0.00 0.0 10.85 1.22 11.2 
40 2.3 5 5.8 5.24 0.00 0.0 10.32 1.06 10.2 
41 1F 5 11.9 5.73 0.00 0.0 8.75 0.00 0.0 
42 1.0 5 5.8 9.70 0.85 8.8 20.20 2.96 14.6 
43 1.5 5 5.8 11.20 0.78 7.2 20.90 2.54 12.2 
44 2.5 5 5.8 9.32 0.02 0.2 16.26 1.53 9.4 


*mg./em. of contaminant in atmosphere or gone through gauze. 


(albeit in atmospheres of half the mist 
concentration). With six layers, the effec- 
tiveness is definitely lowered. 

(b) Where the filtering efficiencies were 
run for acid and salt respectively, (eight 
and 10 layers) they checked quite well 
within experimental error. 

(c) In all three groups of tests, there 
is no clear correlation between effectiveness 
of the gauze pad and its length of usage 
(time). Nevertheless, a comparison with 
Table I shows that fresh unused gauze— 
under similar conditions of mist concen- 
tration and breathing rates---is more effec- 
tive for the first 10 to 20 minutes. (Com- 
pare runs 15-19 with 20-24, runs 9-12 with 
25-30, despite 10 layers being used in the 
latter group.) 

The respirator device described has no 
exhalation valve; so that the worker ex- 
hales, as well as inhales, through the gauze. 
Thus, after a short period of use, the 


-on the gauze helps act as a trap for the 


gauze becomes damp from the moisture in 
the exhaled breath. In order to determine 
possible effects of this moisture, tests were 
made on pads of gauze (obtained from 
workers and the writer) which had been 
in use from 1 to 2% hours. The sampling 
runs were usually not longer than eight 
minutes, for it was found that a steady 
air flow through the damp gauze for longer 
periods would dry it. A summary of the 
findings (grouped by acid mist concentra- 
tions in the air) is shown above in Table 
Ill. 

A comparison with Table I shows that 
the damp gauze, although used for periods 
of from 1 to 2% hours, is just as effective 
as fresh gauze for filtering out the zinc 
sulphate and even more effective with the 
acid. (Compare run 36 with 1, 37 with 6, 
38 with 7, and 8, 39 and 40 with 9-12, etc.) 
Apparently, the moisture from the breath 
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mist. Thus, to test the filtering efficiency 
of such a device, instead of using the pro- 
cedure designated by the National Bureau 
of Standards, one should have the device 
worn under operating plant conditions for 
four to five hours, and then test it for a 
five to eight minute run (longer runs would 
completely evaporate the dampness on the 
gauze). 

The significant discrepancies of filtering 
efficiency percentages for the acid and 
salt, in most of the runs, are not under- 
standable. However, as in Table I, gen- 
erally there appears to be better results 
with higher air flow. 

Since the above results showed that eight 
layers of either fresh or used (under actual 
working conditions) gauze were effective, 
in atmospheres having up to 11 mg. sul- 
phuric acid per cm. of air, in keeping in- 
spired air under the maximum permissible 
limit of 1.0 mg. per cm.; it was decided 
to run similar tests with only 6 layers 
of gauze. Results are shown in Tables IV 
and V. 

Similarly to the results obtained with 
eight layers, those with six layers show 
that used damp gauze is as effective as 
fresh gauze. Also, six layers are effective 
in keeping the acid mist in inspired air 
below the mpl. where atmospheric sul- 


phuric acid contamination is as high as. 


9 mg. per cm. 
Discrepancies in filtering efficiency on a 
number of runs in Tables IV and V are 
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quite apparent. Why the effectiveness in 
removing acid is much greater for the 
six minute runs with both fresh and used 
gauze as compared to removing zinc sul- 
phate is not understood. It is also not 
understood why in Table IV the “percent- 
ages through” for acid is much greater in 
the 15-minute runs as compared to the 
six-minute runs, yet the reverse is true 
with the zinc sulphate results. Neverthe- 
less, the data in both tables indicate that 
filtering efficiency increases somewhat with 
increased inspiration rates. 

This phenomenon (higher efficiencies at 
greater rates of air flow), which is also 
indicated by Tables I and III, may pos- 
sibly be related to the fact that the 
standard impinger collecting efficiency for 
dusts and fumes increases with an increase 
in velocity.+° Although the over-all air 
velocity for one layer of gauze would be 
much less than that usually obtained with 
the impinger, if there is an optimum over- 
lapping of the fibers of one layer to the 
next—especially with eight to 10 thick- 
nesses—the velocity through the actual air 
spaces of the gauze pad may easily be in 
the same range. And under such conditions 
there would be deposition of the mist by 
impaction® on the fibers of each successive 
layer of gauze. 

As would be expected, a comparison of 
results obtained under similar conditions 
with eight and six layers, shows the thicker 


pad usually more effective. (Compare run 


TABLE IV. 


FILTERING EFFICIENCY OF SIX LAYERS FRESH GAUZE 
Sampling Air-flow 
Run time through gauze Sulphurie Acid Zine Sulphate 
No. (min.) (Ipm/saq. in.) Air* Gauze* o% through Air* Gauze* % through 
45 15 3.6 6.00 0.94 15.7 10.55 1.85 17.5 
46 15 5.3 5.48 0.85 15.6 10.67 1.14 10.7 
47 15 10.8 5.33 0.52 9.8 11.67 0.96 8.3 
4h 6 3.6 5.46 0.19 3.8 7.88 2.54 32.3 
49 6 5.1 5.00 0.07 1.4 8.04 1.67 20.8 
50 6 9.8 5.54 0.00 0.0 10.00 1.21 12.1 
TABLE V. 
FILTERING EFFICIENCY OF SIX LAYERS DAMP USED GAUZE 
Time Sampling Air-flow 

Run gauze used time through gauze Sulphurie Acid Zine Sulphate 

No. (hes.) (min.) (ipm/sq. in.) Air* Gauze* = % through Air* Gauze* % through 
51 1.3 8 3.6 9.26 0.70 1.6 15.88 2.61 16.5 
52 1.0 x 10.3 7.160 0.71 10.0 12.63 0.76 6.0 
53 0.7 6 3.6 3.95 0.00 0.0 6.13 1.42 23.1 
54 0.5 6 10.6 5.23 0.00 “ 0.0 8.25 1.12 18.6 


*mg./em. of contaminant in atmosphere or gone through gauze. 
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46 with 9-12, 47 with 13 and 14, 52 and 
54 with 41, 53 with 58.) 

To determine the resistance to breathing 
of the gauze device, 10 layers of gauze were 
placed over a funnel having a cross section 
on top of 2.4 square inches and held 
securely with a rubber band. Air was 
passed through at a rate of 42 lpm. or 
17.5 lpm. per square inch of gauze—equiva- 
lent to the lower range of maximum phys- 
ical exertion for an adult male. The pres- 
sure drop across the gauze layers was 
less than 1/16 inch of water, which com- 
pares quite favorably with two inches and 
one inch permitted* for inhalation and 
exhalation, respectively. 


Summary 
((OM MERCIAL untreated gauze, 30 mesh, on 
a suitable wire frame appears to be an 
effective respirator for sulphuric acid mist. 
With eight to 10 layers of gauze, the in- 
spired air will contain less than the max- 
imum permissible limit of 1.0 mg. per cm. 
in atmospheres containing as high a con- 
centration of 11 mg. per cm. With six 
layers, such results were obtained in at- 
mospheres containing as much as 9 mg. 
per cm. Eight to 10 layers are somewhat 
more effective than 6. Such a device may 
possibly be used effectively for particulate 
air contaminants having the same particle 
size, and which act primarily in propor- 
tion to mass (rather than number of par- 
ticles). Chromic acid mist from electro- 
plating would be an example, since in the 
study made, the mist was caused by small 
gas bubbles escaping through a _ liquid 
surface. Resistance of the pad to _ in- 
halation and exhalation is less than 1/16 
inch of water under breathing conditions 
equivalent to maximum physical exertion. 
Under the conditions run, there was no 
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conclusive evidence of correlation between 
filtering efficiency of the gauze and mist 
concentration in the atmosphere. There is 
some evidence of a higher efficiency with 
faster breathing rates. (This is beneficial, 
since with faster breathing the relative 
amounts of total mist inhaled would de- 
crease.) The dampness on the gauze from 
the exhaled breath also increases the filter- 
ing efficiency. 

Such a device is of practical va!ue, 
especially for workers exposed continuously 
to excessive amounts of sulphuric acid mist 
over a three to four hour period and where 
no feasible engineering control seems pos- 
sible. It has the advantages over the usual 
acid mist filter-type respirator approved by 
the United States Bureau of Mines in that 
it minimizes the dermatitis problem to 
the face, has practically no resistance in 
breathing, and the “cartridge” replace- 
ments are less expensive. 

ACKNOWLEDGMENT: The author wishes to 
express his appreciation to MR. 0. L. OLSGAARD 
for assistance in sampling and MR. L. S. 
CHAMPA for running the zine determinations. 
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Scientific Exhibits in Atlantic City 


HE SCIENTIFIC Exhibits Committee is making plans for an interesting 
group of exhibits at the 1951 Industrial Health Conference at Atlan- 
tic City, April 21 to 28, 1950. Prizes will be awarded for the most out- 
standing exhibits. Applications for space in this section should be made 
to ALLAN E. DOOLEY, Health Division, The Texas Company, 135 East 42nd 


Street, New York 17, New York. 


Inasmuch as available space will be 


limited, applications should be made promptly so that the committee can 


carefully consider them. 
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National Noise Abatement Symposium 


October, 1950 
Chicago 


HE INCREASED interest in noise, its effect on 
hearing, and methods of measurement and 
control was evidenced by a comprehensive pro- 
gram sponsored jointly by the Armour Re- 
search Foundation of Illinois Institute of Tech- 
nology and the National Noise Abatement 
Council at Chicago on October 20, 1950. HUGH 
KNOWLES, presiding chairman, President of 
Industrial Research Products Company, Frank- 
lin Park Illinois, set up the broad but useful 
definition of noise as “an unwanted sound.” 
“The Effect of Noise on Hearing, Morale, 
and Efficiency” was discussed by DR. HALLO- 
WELL DAVIS, Director of Research, Central In- 
stitute for the Deaf, St. Louis, Missouri. Dr. 
DAVIS made reference to a critical survey re- 
cently reported by DR. KREITER, now with the 
U.S. Navy at Bolling Field, Washington, D.C., 
and published in full as Special Reprint No. 1 
of the Journal of Speech & Hearing. He 
pointed out that the limits within which noise 
affects hearing are still vague and uncertain. 
Some of the present ideas concerning the 
effects of noise, it must be admitted, are made 
on the basis of data which are not founded 
on research work conducted with scientific 
rigor. It can be stated definitely that injury 
to hearing due to noise is now generally 
accepted, as is the added concept that noise 
can be annoying. It has been found that 50% 
of one group of subjects was made more ir- 
ritable on being subjected to noise. The 
higher frequencies produced more irritation 
than the lower. It can be considered only as 
a good guess that the critical band of noise in- 
tensity is at 85 decibels. However, he felt 
that the maximum safe level over all fre- 
quencies on the basis of information so far 
developed should be taken as 85 decibels or 
0.0002 dynes per square centimeter. In re- 
gard to ear plugs, DR. DAVIS stated that a re- 
duction of 20 to 30 decibels can be obtained 
and that speech communications in a noisy 
environment can be improved by workers 
wearing ear plugs. It has been the experi- 
ence that some people cannot wear these 
with comfort. From a practical point of view 
the most important effect of noise is inter- 
ference with communication from one person 
to another—and this occurs at levels below 
those producing injury. From a production 
point of view, the effect of excessive noise is 
greatest where output depends upon com- 
munication by speech. It is interesting to 
note that noise can be actually desirable in 


some instances. For example, disturbing 
voices down the hall from a hospital room 
were very annoying to a patient but upon 
the addition of a hum from turning on a fan 
the disturbing voices were masked and an- 
noyance to the patient ceased. However, ef- 
fects of this type are difficult to measure 
by meters. Concerning ultrasonic noise, DR. 
DAVIS noted that though frequencies of such 
noise are by definition above the audible, 
there are usually accompanying lower and 
audible frequencies. In regard to ultrasonic 
levels, the data are still too conflicting to per- 
mit generalizations. 

DOUGLAS E. WHEELER, Field Representative 
of the Sub-Committee on Noise in Industry, 
Committee on Conservation of Hearing of the 
American Academy of Ophthalmology and 
Otolaryngology, Los Angeles, discussed “Noise 
Abatement in Connection with Hearing.” mr. 
WHEELER observed that we must acknowledge 
that noise does damage hearing. As early as 
1890, DR. W. E. GROVE, Chairman of this Com- 
mittee, demonstrated hearing loss among 
boiler makers. The vulnerability of the ear 
to high intensity noise is accentuated by the 
fact that the ear is always wide open and 
cannot govern the ambient energy that reaches 
it as can the eye which has the protection 
of the iris and the eyelid. The important facts 
in noise are the intensity, the frequency, and 
the duration of exposure. The first losses 
are usually in the higher frequencies. The 
question of “how much noise is too much” 
and “what duration is too long” has not yet 
been answered. Analysis of individual audio- 
grams of groups of young men who are being 
placed in noisy shipyard work over a four- 
year period should go far in giving us ad- 
ditional quantitative data on these important 
factors. The first observations after six 
months of such work were presented, and it 
was noted that the composite losses of the 
selected group over the entire spectrum was 
less than 10 decibels. Of 175 men exposed to 
greater intensities than 125 decibels, 45% 
retained normal hearing and 25% had a 
severe bilateral hearing loss. MR. WHEELER 


stated that the Academy Committee on Con- 
servation of Hearing recommends that pre- 
employment audiograms should become part 
of the medical examination and that hearing 
acuity of workers should be rechecked at the 
minimum interval feasible wherever occu- 
pations involve exposures to noise at levels 
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greater than 90 decibels. In the abatement of 
noise in connection with hearing, the noise 
should be controlled at its source wherever 
possible. In respect to ear plugs, the essential 
requirements are that they must be com- 
fortable, must give effective attentuation of 
the noise, and the first cost and replacement 
cost must be low. However, the matter of 
comfort is a highly personal factor as is 
evidenced by the experience with one man 
who replaced a carefully designed ear plug 
with a No. 8 round-head machine screw! 
Allergic reaction from rubber or mechanical 
irritation in the ear canal must be considered 
in offering ear protectors for use. Ear pro- 
tectors will usually reduce the amount of 
sound transmitted to the ear by 25 to 35 
decibels. It is difficult to obtain more than 
60 decibel decrease even by the best ear 
protector available. MR. WHEELER presented 
a number of composite audiograms showing 
loss of hearing of workers exposed to 105 
decibels between the start of a day’s work 
and the end of the shift, including a com- 
parison of the loss experienced by workers 
in this environment with and without the pro- 
tection of ear plugs. 

LEO L. BERANEK, Associate Professor of 
Communications Engineering, and Technical 
Director of the Acoustics Laboratory, Massa- 
chusetts Institute of Technology, Cambridge, 
Massachusetts, presented a technical discus- 
sion of “Apparatus for Noise Measurement.” 
Noise measuring equipment consists of at 
least a microphone, an amplifier, a calibrated 
attenuator and an _ indicating meter. A 
single meter reading is often not adequate 
to describe a noise, so that analyzing equip- 
ment is needed to determine the amplitudes 
and frequencies of the component sounds. The 
basic instrument, around which other noise 
measuring equipment must be assembled, is 
the sound-level meter. The characteristics of 
satisfactory sound-level meters and such com- 
ponent parts as the amplifier are reviewed. 

Six types of microphones for use with 
sound-meters were described, together with 
their various advantages. The principal dif- 
ferences between them are frequency range 
covered, sensitivity, cost and temperature, 
pressure and humidity performance. The 
units included were the Rochelle salt crystal 
type, the moving-coil type, the barium titanate 
ceramic type, the condensor type, the ribbon 
type, and the ammonium dihydrogen phos- 
phate (ADP) crystal type. In the study of 
a machine which is creating noise, the am- 
plitude of vibration of the radiating sur- 
faces is often desired. These amplitudes may 
be determined in the frequency range above 
20 cycles per second by the use of a suitable 
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vibration pickup and the basic sound level 
meter. Three types of vibration pick-ups are 
commonly employed: the Rochelle salt, the 
barium titanate and the moving-coil dynamic. 

Analyzers are required whenever a knowl- 
edge of the distribution of sound pressure as 
a function of frequency is desired. Such a 
frequency distribution may be needed to de- 
termine the magnitude and frequency of par- 
ticular components of a noise which it is de- 
sired to reduce. Such quantities as loudness, 
speech interference level, aircraft comfort 
level and articulation index require frequency 
analysis for their determination. Any of six 
types of analyzers may be selected for these 
purposes, depending upon the problem. 

A sound-level calibrator is necessary for 
checking the accuracy of sound measuring 
equipment. The principal manufacturers of 
these instruments have each devised a method 
of checking the calibration. BERANEK checks 
the calibration of a noise measuring system 
at the start and finish of a job and each half- 
day in between if the test is long. 

JAMES H. STERNER, M.D., Associate Medical 
Director of the Eastman Kodak Company, 
Chairman of the Committee on Physical 
Agents of a Hazardous Nature of the Ameri- 
can Medical Association Council of Indus- 
trial Health, and a past-president of the 
American Industrial Hygiene Association, 
presented the luncheon address on the sub- 
ject “Are We Ready for Standards of Noise?” 
The general purport of Sterner’s presentation, 
the entire text of which will appear in an 
early issue of Industrial Medicine and Sur- 
gery was that so far basic information is as 
yet inadequate for setting up definite stan- 
dards on noise. However, he did point out 
that it was the consensus of opinion of the 
Joint Committee on Noise of the A.M.A. and 
the A.A.O.& O. at the February 1950 meet- 
ing that the standards will have to be ex- 
pressed in terms of intensity levels in various 
frequency levels rather than as a single level 
for the over-all spectrum. 

Papers of much practical value on various 
aspects of noise control were presented by 
HOWARD C. HARDY, Supervisor of Acoustics and 
Vibrations Research, Armour Research Foun- 
dation; ¢. M. ASHLEY, Chief Development En- 
gineer, Carrier Corporation, Syracuse, New 
York; CYRIL M. HARRIS, Member of the Tech- 
nical Staff, Bell Telephone Laboratories, 


Murray Hill, New Jersey; and c. D. YAFFE, 
Chief, Field Section, Federal Security Agency, 
Public Health Service, Cincinnati, Ohio. These 
together with the foregoing papers are soon 
to be published by the National Noise Abate- 
ment Council and Armour Research Founda- 
tion of Illinois Institute of Technology. 
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Stocks of PHS Publications Available for Free Distribution 


Stocks of the publications listed below have 
been received by the Division of Industrial 
Hygiene, PHS, and are available upon request 
as long as the supply lasts. To request copies 
of any of these publications, address the In- 
formation Section, Division of Industrial Hy- 
giene, Public Health Service, FSA, Washing- 
ton 25, D.C. The abbreviations used below 
are PHR, Public Health Reports; NIHB, Na- 
tional Institutes of Health Bulletin; PHB, 
Public Health Bulletin. 

Twenty-four-hour Output of Certain Uri- 
nary Constituents in Persons Exposed to Lead 
Arsenate Spray Residue. PHR Reprint No. 
2318. 

Public Health Administrator’s Responsi- 
bility in Field of Occupational Disease Legis- 
lation. PHR Reprint No. 2325. 

Coding and Tabulation of Medical and Re- 
search Data for Statistical Analysis. PHR 
Reprint No. 2346. 

Clothing for Protection Against Occupa- 
tional Skin Irritants. PHR Reprint No. 2383. 

Practical Plan for Treatment of Super- 
ficial Fungous Infections. PHR Reprint No. 
2453. 

Dental Status of Adult Male Mine and 
Smelter Workers. PHR Reprint No. 2355. 

Outbreak of Dermatitis From Airplane En- 
gine Covers. PHR Reprint No. 2472. 

Effect of Arsenates on Storage of Lead. 
PHR Reprint No. 2485. 

Studies on Strains of Aerobacter cloacae 
Responsible for Acute Illness Among Workers 
Using Low-Grade Stained Cotton. PHR Re- 
print No. 2496. 

Sickness Absenteeism Among Male and Fe- 
male Industrial Workers During 1943 and 
Among Males During the First and Second 
Quarters of 1944, With a Note on the Res- 
piratory Epidemic of 1943-44. PHR Reprint 
No. 2578. 

Age Factor in Disabling Morbidity, 1940- 
44. PHR Reprint No. 2680. 

Industrial Control Chart Applied to the 
Study of Epidemics. PHR Reprint No. 2748. 

Sickness Absenteeism Among Male and Fe- 
male Industrial Workers During 1945, With 
a Note on the Respiratory Epidemic of 1945- 
46. PHR Reprint No. 2755. 

Formaldehyde—Its Toxicity and Potential 
Dangers. PHR Supplement 181. 

An Evaluation of Neurologic Symptoms 
and Findings Occurring Among TNT Work- 
ers. PHR Supplement 196. ; 

Thallium—a Review and Summary of Medi- 
eal Literature. PHR Supplement 197. 

Studies in Chronic Selenosis. NIHB No. 
174. 


Industrial Manganese Poisoning. NIHB 
No. 182. 


Effects of Aliphatic Nitrous and Nitric . 


Acid Esters on Physiological Functions With 
Special Reference to Their Chemical Con- 
stitution. NIHB No. 186. 

Xylidine (C,C-dimethylaniline): Its Toxi- 
city and Potential Dangers as Compared With 
Those of Aniline and an Appraisal of Poten- 
tial Hazards From Its Use in Blending Gas- 
oline. NIHB No. 188. 

Phenol and Its Derivatives: Its Relation 
Between Their Chemical Constitution and 
Their Effect on Organism. NIHB No. 190. 

Relation Between Toxic Action of Chlori- 
nated Methanes and Their Chemical and 
Physiochemical Properties. NIHB No. 191. 

Relative Toxicity of Lead and Some of Its 
Common Compounds. PHB No. 253. 

Preliminary Survey of Industrial Hygiene 
Problem in United States. PHB No. 259. 

Fatigue and Hours of Service of Interstate 
Truck Drivers. PHB No. 265. 


Aromatic Amino and Nitro Compounds, 


Their Toxicity and Potential Dangers. PHB 
No. 271. 

Toxicity and Potential Dangers of Nitrous 
Fumes. PHB No. 272. 

Studies on Mechanism of Carbon Monoxide 
Poisoning as Observed in Dogs Anesthetized 
With Sodium Amytal. PHB No. 274. 

Health and Working Environment of Non- 
ferrous Metal Mine Workers. PHB No. 277. 

Medical Study of Men Exposed to Meas- 
ured Amounts of Carbon Monoxide in Hol- 
land Tunnel for 13 Years. PHB No. 278. 

Toxicity and Potential Dangers of Toluene, 
With Special Reference to Its Maximal Per- 
missible Concentration. PHB No. 279. 

Aliphatic Alcohols: Their Toxicity and Po- 
tential Dangers in Relation to Their Chemi- 
cal Constitution and Their Fate in Metabo- 
lism. PHB No. 281. 

Toxicity and Potential Dangers of Pen- 
taeythritol-tetranitrate (PETN). PHB No. 
282. 

Experimental Studies on Toxicity and Po- 
tential Dangers of Trinitrotoluene (TNT) 
PHB No. 285. 

Carbon Monoxide: Its Hazards and Mecha- 
nism of Its Action. PHB No. 290. 

Medical Study of Effect of TNT on Work- 
ers in a Bomb and Shell Loading Plant. PHB 
No. 291. 

Toxicity of Molybdenum. PHB No. 293. 

Control of Ringworm of Scalp Among 
School Children. PHB No. 294. 

Health of Arc Welders in Steel Ship Con- 
struction. PHB No. 298. 
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American Industrial Hygiene Association 
— News of Local Sections — 


New England Section 


HE NEW ENGLAND Section of the Ameri- 
a Industrial Hygiene Association held 
its Annual Meeting in Portsmouth on Octo- 
ber 20. 

At the business meeting following the gen- 
eral meeting, officers were elected for the 
year 1951. These are: DR. JAMES P. DEERY, 
Rhode Island Department of Health, chair- 
man, and DR. LESLIE SILVERMAN, Harvard 
School of Public Health, secretary-treasurer. 

The following program was presented by 
the local section: 

Presiding: FREDERICK J. VINTINNER, SC.D., 
Director, Division of Industrial Hygiene, 
New Hampshire State Health Department, 
Concord, New Hampshire. 

Cyclone Dust Collector Performance by 
MELVIN W. FIRST, SC.D., Research Associate, 
School of Public Health, Harvard Univer- 
sity. 

Silicosis in the Mining and Milling of Slate 
vy RICHARD H. MANSUR, Maine State Depart- 
ment of Health and Welfare. 

The Possibility of Coccidiodomycosis and Q 
Fever Being Occupational Diseases in the 
Wool Industry by Cc. M. MALOOF, M.D., Division 
of Occupational Hygiene, Massachusetts De- 
partment of Labor and Industries. 

Studies on the Toxicity of Sulfuric Acid 
Mist by DR. MARY 0. AMDUR, School of Public 
Health, Harvard University. 

Tour of Schiller Mercury Vapor Power 
Plant, Public Service Company, Portsmouth, 
New Hampshire. 

Response of Human Subjects to Acute 
Chilling in Ice Water and to Fast and Slow 
Rewarming by PROFESSOR C. P. YAGLOU, School 
of Public Health, Harvard University. 

Radiation Hazards in Industry and in the 
Medical Field by Ww. R. LaRocQuE, Industrial 
Hygienist, Liberty Mutual Insurance Co., 
Boston, Massachusetts. 

The Position of Industrial Hygiene and 
Occupational Medicine in Scandinavia and 
Holland as of 1950 by M. GENEVA GRAY, PH.D., 
Director of Laboratory of Industrial Toxi- 
cology, Arthur D. Little, Inc., Cambridge, 
Massachusetts. 

Industrial Hygiene Activities in Peru by 
AMEDEE S. LANDRY, Chemist, Institute of In- 
ter-American Affairs. 


Northern California Section 


‘THE REGULAR meeting of the Northern Cali- 


fornia Section was held on September 26. 
DR. FISHLER of the Biomedical Branch of the 


Navy’s Radiological Defense Laboratory was 
the speaker. He discussed the prevention of 
injuries due to atomic radiation and detailed 
the work being done in regard to prophylaxis 
and therapy in the field of radiation. He 
stressed the importance of shielding and 
cited animal experiments which indicated 
clearly that shielding is a potent safeguard 
in dealing with atomic radiation. 


‘THE SECTION held its annual meeting on No- 
vember 21, 1950, at Berkeley, California. 
New officers were elected, as follows: 

President-Elect, DR. EDWARD E. DART; Secre- 

tary-Treasurer, A. C. BLACKMAN; and Execu- 

tive Committee, OSCAR J. SOBOL. 

PAUL MAGILL of Stanford Research Insti- 
tute gave a very comprehensive talk on the 
problem of air pollution specifically in the 
Los Angeles area. 


Philadelphia Section 
N SEPTEMBER 12, H. T. Walworth, Direc- 
tor, Division of Industrial Hygiene, 
Lumbermens Mutual Casualty Company, 
Chicago, Illinois, spoke on “The Role of the 
Insurance Company in the Field of Indus- 
trial Hygiene.” 

On November 14, at the section meeting 
of the Engineer’s Club, DR. VICTOR H. KINDS- 
VATTER, Industrial Hygienist, Philadelphia 
Naval Ship Yard, discussed “Some Problems 
of Radiological Defense.” 


Rocky Mountain Section 

TH ANNUAL MEETING of the Rocky Moun- 
tain Section was held in Pueblo, Colorado, 

on October 20. 

The following men were elected officers for 
the coming year: 

President-Elect: SHERMAN S. PINTO, M.D., 
American Smelting & Refining Co., First 
National Bank Building, Denver, Colorado. 

Secretary-Treasurer: WILLIAM A. MCGILV- 
RAY, Division of Industrial Medicine, Uni- 
versity of Colorado Medical Center, Denver, 
Colorado. 

Director: ROBERT S. GRIER, M.D., Los Ala- 
mos Scientific Laboratory, Los Alamos, New 
Mexico. 

Other officers elected previously and hold- 
ing office for 1951 are: 

President: THOMAS L. SHIPMAN, M.D., Los 
Alamos Scientific Laboratory, Los Alamos, 
New Mexico. 

Director: W. E. JONES, Climax Molybdenum 
Company, Climax, Colorado. 
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any advertisements. 


Price $10.00 


Who's Who in Industrial Medicine 


(Title by arrangement with The A. N. Marquis Company) 


a sketches of the leading Industrial Hygienists of the 

United States and Canada, accurate, complete, authoritative ; 
contained in “Who’s Who in Industrial Medicine.” Not in any 
sense a directory, but solely and definitely the assembly of the 
biographies of the important and outstanding men in the field. No 
sketch in the book can be paid for; no space in the book will be 
sold on any terms to any person or concern; the book will not carry 


INVALUABLE AS A REFERENCE 


INDUSTRIAL MEDICINE PUBLISHING COMPANY 
605 N. Michigan Ave., Chicago 11, Ill. 


Order Now 


STATEMENT of the ownership, management, and 
circulation required by the Act of Congress of August 
24, 1912, as amended by the Acts of March 3, 1933, 
and July 2, 1946 (Title 39, United States Code, Section 
233) of American Industrial Hygiene Association Quar- 
terly published quarterly at Sheboygan, Wisconsin for 
the calendar year 1951. 1. The names and addresses 
of the publisher, editor, managing editor, and _ busi- 
ness managers are: Publisher, Industrial Medicine 
Publishing Company, 605 North Michigan Avenue, Chi- 
cago, 11, Illinois, Editor, Herbert J. Weber, c/o Ameri- 
can Brake Shoe Company, 2501 Blue Island Ave., Chi- 
cago, Illinois, Managing Editor, (none), Business 
Manager, (none). 2. The owner is: (If owned by a 
corporation, its name and address must be stated and 
also immediately thereunder the names and addresses of 
stockholders owning or holding 1 percént or more of 
total amount of steck. If not owned by a corporation, 
the names and addresses of the individual owners must 
be given. If owned by a partnership or other un- 
incorporated firm, its name and address, as well as that 
of each individual member, must be given.) The Ameri- 
can Industrial Hygiene Association ‘(a non-incorporated 
association), Henry F. Smyth, Jr., Executive Secretary, 
Mellon Institute, Pittsburgh, 13, Pa. 3. The known 
bondholders, mortgagees, and other security holders 
owning or holding 1 percent or more of total amount 
of bonds, mortgages, or other securities are: (If there 
are none, so state.) None. 4. Paragraphs 2 and 3 in- 
clude, in cases where the stockholder or security holder 
appears upon the books of the company as trustee or 
in any other fiduciary relation, the name of the person 
or corporation for whom such trustee is acting; also 
the statements in the two paragraphs show the affiant’s 
full knowledge and belief as to the circumstances and 
conditions under which stockholders and security holders 
who do not appear upon the books of the company 
as trustees, hold stock and securities in a capacity other 
than that of a bona fide owner. American Industrial 
Hygiene Association, Henry F. Smyth, Jr., Executive 
Secretary. Sworn to and subscribed before me this 
5th day of October, 1950. (Seal) H. C. Davies, Notary 
Public. 


LEAD-IN-URINE 
DETERMINATIONS 
A country-wide service for analysis of 
lead in urine for control of lead 


exposures. Lead-free sample bottles sup- 
plied in shipping containers. 


Also other metals in trace quantities 
Hoy A. CRANSTON, Director 


LABORATORY OF POLAROGRAPHIC ANALYSIS 


7002 So. Halsted Street Chicago 21, IIl. 
Phone: STewart 3-2022 


INDUSTRIAL HEALTH 
HYGIENE AND SAFETY SERVICE 


6432 Cass Avenue, Detroit, Michigan 
Trinity 1-4812 


GORDON C. HARROLD, PHD. 
STUART F. MEEK, M.D. 
AND ASSOCIATES 
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American Industrial Association 


—News of Loca 


Chicago Section 


HE DECEMBER meeting of the Chicago 

Section was addressed by B. E. KUECHLE, 
Vice President and Manager of Claims, Em- 
ployers Mutual Liability Company, Wausau, 
Wisconsin, and GEORGE W. MARSALEK of 
Moser, Marsalek, Carpenter, Cleary and 
Carter, Attorneys, St. Louis, Missouri. The 
subject of the meeting was “Medico-Legal 
Aspects of Industrial Hygiene, Industrial 
Medicine, Industrial Nursing and Insur- 
ance.” 

On January 4, 1950 w. G. HAZARD of the 
Owens-Illinois Glass Company of Toledo, 
Ohio gave an interesting talk on “Rauiant 
Heat” before the Chicago Section. 


Michigan Section 

[8 NOVEMBER, DR. P. C. CAMPBELL, JR., of 
the Dermatoses Section of the U.S. Pub- 

lic Health Service, Industrial Hygiene Di- 

vision, addressed the Michigan Industrial 

Hygiene Society. 

In December, a pre-holiday social and 
dinner was held. 

To serve the Michigan Section during the 
1949-1950 season, IRA AVRIN, M.D., was 
elected President; VICTOR B. SARKISSIAN, 
Secretary-Treasurer. W. G. FREDRICK, SC.D., 
is Past President. E. F. LUTZ, M.D., J. C. 
RADCLIFFE, R. G. SMITH and D. G. FOWLER 
compose the Executive Committee. 


Georgia Section 
R. IRVING TABERSHAW, Columbia Univer- 
sity School of Health was the guest 
speaker at the November meeting of the 
Georgia Section. The meeting was a cul- 
mination of a project begun in 1946 to 
promote interest in a Cooperative Indus- 


_ trial Health Center for small industries in 


the Atlanta area. 

DR. ANNA M. BAETJER, Professor of 
Physiological Hygiene, Johns Hopkins Uni- 
versity was scheduled as guest speaker at 
the January meeting. Her subject: “Women 
in Industry, Their Health and Efficiency.” 


Metropolitan New York Section 


ON FEBRUARY 8, 1950, “Developments in 
the Industrial Hygiene Aspects of 


Sections— 


Beryllium” was the scheduled subject of 
three speakers: JOHN H. HARLEY, U.S. 
Atomic Energy Commission, the Chemical 
Aspect; ALFRED J. BRESLIN, U.S. Atomic 
Energy Commission, the Engineering As- 
pect; and JOHN E. SILSON, M.D., New York 
State Department of Labor, the Medical 
Aspect. 


Northern California Section 
‘THE REGULAR quarterly meeting of the 
Northern California Section was held 
January 17, at DiMaggio’s Restaurant in 
San Francisco. Members were invited to 
introduce their guests, among whom were 
C. R. WALMER, M.D., Industrial Hygiene 
Foundation and L. Vv. TAYLOR, American 
Can Company. DR. DAVE HOLADAY, former 
Chief, Bureau of Disease Control, State 
Department of Public Health, now Medical 
Director for American Can Company was 
also introduced. 

DR. VICTOR BOND, Research Associate of 
the Naval Radiological Defense Laboratory, 
San Francisco, gave a very interesting and 
informative talk on “Radiation Sickness.” 


Philadelphia Section 
ON JANUARY 10, 1950, ARTHUR C. STERN, 
Chief of the Industrial Hygiene Engi- 
neering Unit of the Division of Industrial 
Hygiene and Safety Standards New York 
State Department of Labor, addressed the 
Philadelphia section in January on “Solving 
Some Industrial Ventilation Problems.” 


St. Louis Section 


ON NOVEMBER 22 WILLIAM B. HARRIS, Chief 
Industrial Hygiene Section, Health and 
Safety Branch, New York Operating Office, 
U.S. Atomic Energy Commission addressed 
the section on the subject “Meteorology 
Applications in Air Pollution Studies.” 


Washington-Baltimore Section 

ON DECEMBER 14, 1949 a dinner meeting 
was held at the Officers’ Club, Naval 

Gun Factory, Washington, D.C. ALLEN D. 

BRANDT, SC.D., of the Bethlehem Steel Com- 

pany discussed “Industrial Hygiene Prob- 

lems in the Steel Industry.” 
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chmied CENTRI MERGE 


the Beat to your 
DUST and FUME 


CENTRI-MERGE is ] CENTRI-MERGE greatly reduces heating cost 
COMPLETELY auto e by re-circulating cleaned air in many cases, 
Zag occupies a minimum of valuable floor space, is 
CENTRI-MERGE gives non-fluctuating clean- 
dust and fumes as soon ® ing efficiency every minute of the day, collects 
as they occur, CLEANS and disposes of dust and fumes immediately. 
by high pressure water. CENTRI-MERGE operates at constant efficien- 
action, DISPOSES by cy during many years of trouble-free service. 
mechanical conveyor. 4, CENTRI-MERGE eliminates health or fire 
Dust and fumes are hazard in dust control by its automatic removal 
forced back on a stream as sludge. 
of air to collection unit, CENTRI-MERGE is always dependable, never 
requires a shutdown during working hours for 
cleaning or routine maintenance. 
below, permanently CENTRI-MERGE is engineered for minimum 
® maintenance expense, is a compact, self- 
contained unit, constructed for flexibility of 
arrangement to suit plant requirements. 


1e9 
NDUS RIES INC. 


trapped under water for 
quick disposal as sludge. 


292 PIQUETTE AVENUE «+ DETROIT 2, MICHIGAN | 
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: TH bei AIR PURGE Our engineers will be pleased to consult with you in the solution of your problem 
4 LENTRIGDMERGE 


AMERICAN INDUSTRIAL HYGIENE ASSOCIATION 
Committees 


Auditing 
H. M. CHAPMAN 
Industrial Hygiene Foundation 
S. J. PEARCE 
U. S. Bureau of Mines 


Awards 
W. A. Cook, Chairman 
Zurich Insurance Company 
J. J. BLOOMFIELD 
U. S. Public Health Service 
H. H. SCHRENK 
Industrial Hygiene Foundation 
Education 
W. C. Hopce, Chairman 
University of Rochester 
W. F. ASHE 
University of Cincinnati 
A. M. BAETJER 
The Johns Hopkins University 
T. F. Hatcu 
University of Pittsburgh 
W. C. L. HEMEON 
Industrial Hygiene Foundation 
A. J. LANZA 
N. Y. Univ. Bellevue Medical Center 
L. SILVERMAN 
Harvard School of Public Health 
Local Sections 
H. W. SPEICHER, Chairman 
Westinghouse Electric Corporation 
L. J. CRALLEY 
U. S. Public Health Service 
J. W. HAMMOND 
Humble Oil & Refining Company 
D. D. IRIsH 
Dow Chemical Company 
Membership 
J. F. TREON, Chairman 
Kettering Lab., Univ. of Cincinnati 
L. V. CRALLEY 
Aluminum Research Laboratories 
K. R. DorEMuUsS 
Lumbermens Mutual Casualty Co. 
F. L. OGLESBY 
Tennessee-Eastman Corporation 
H. F. SCHULTE 
University of California, Los Alamos 
J. H. STERNER 
Eastman Kodak Company 
B. D. TEBBENS 
University of California 
Nominating 
E. C. BARNES, Chairman 
Westinghouse Electric Corporation 
W. A. Cook 
Zurich Insurance Company 
A. Parry 
General Motors Corporation 


Personnel Placement 
F. W. SANDS, Chairman 
U. S. Rubber Company 
R. A. KEHOF 
University of Cincinnati 
L. M. PETRIE 
Georgia Department cf Public Health 
H. H. SCHRENK 
Industrial Hygiene Foundation 
L. SILVERMAN 
Harvard School of Public Health 
Program 
A. M. BAETJER, Chairman 
The Johns Hopkins University 
F. S. MALLETTE 
American Steel and Wire Company 
J. C. RADCLIFFE 
Ford Motor Company 
C. R. WILLIAMS 
Liberty Mutual Insurance Company 
Publicity 
J. B. GISCLARD, Chairman 
American Cyanamid Company 
J. T. GRESH 
American Brake Shoe Company 
L. B. F. RAYCROFT 
Philadelphia Safety Council 
L. V. TAYLOR 
American Can Company 
W. F. WEBER 
Western Electric Company 
Tellers 
S. J. PEARCH, Chairman 
U. S. Bureau of Mines 
J. H. HOLDEN 
Pittsburgh Testing Laboratory 
J. F. MORGAN 
Industrial Hygiene Foundation 
Annual Conference 
N. F. HENpRICKsS, Chairman 
Standard Oil Company (N. J.) 
W. B. BRADLEY, Co-Chairman 
American Cyanamid Company 
Arrangements 
C. M. Berry, Chairman 
Esso Standard Oil Corporation 
A. E. DOOLEY 
The Texas Company 
J. W. FEHNEL 
Metropolitan Life Insurance Co. 
W. B. Harris 
U. S. Atomic Energy Commission 
E. L. SCHALL 
N. J. State Department of Health 
Banquet 
W. F. WEBER, Chairman 
Western Electric Company 
W. E. SHOEMAKER 
American Mutual Liability Ins. Co. 
L. F. WELLER 
N. J. Department of Health 


4 
4 
. 


t 
“4 
| 
| 
| 
A 
ay 
| 
| 


